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STIMULATION OF HEALING IN NON-HEALING WOUNDS 

By ALLANTOI^' Occurring in Maggot Secretions and of Wide 
Biological Dlstribution * 

BY WILLIAM ROBINSON, PH.D., WASHINGTON, D. C. 

The remarkable success of the Baer maggot treatment ^ of chronic 
suppurative infections has, from the outset, aroused an interest as to 
how the beneficial effects of maggots are produced. Among the charac- 
teristics of this treatment are rapidity of healing and growth of healthy 
granulation tissue. Maggots have already been found to aid indirectly 
in the healing process by the effective manner in which they remove 
necrotic > issue and reduce the infection of the wound 2. s. ■*, 7, s, n 'pjjg 
usual progress of healing, however, sometimes in stubborn cases of long 
standing, has indicated that in addition maggots may secrete something 
into the wound which directly stimulates the healing process. This 
theorj’- has been expressed frequently in the literature ® published on the 
maggot treatment. 

An investigation has, accordingly, been made to determine if maggot 
secretions have such properties; and it has been found that maggots do 
secrete into the wound a definite substance which stimulates the growth 
of vascular granulations, cleanses the wound, and puts it in a healthy, 
healing condition. This material is also such that it can be obtained 
readily from sources other than maggot excretions. 

No organism but man does ans'thing primarily to benefit another un- ' 
related organism. If any benefit occurs (in this case V'ound healing) it 
must be the result of a secondary or even involuntarj’- act. This would 
include the excretion of faecal and urinary materials and, as these excre- 
tions are very conspicuous with maggots, a study of them was attempted 
first. Considering the complexity of such material, an enormous amount 
of experimentation would ordinarily be necessary to isolate and identify 
any constituent of the excretions having therapeutic properties. 

* Contribution from the Dmsion of Insects Affecting Man and .\nimals, Bureau of 
Entomology and Plant Quarantine, United States Department of Agriculture, Wash- 
ington, D. C. 
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Certain encouraging results Avere obtained earlj'- in the search, how- 
ever, through a correlation of the folloAA'ing facts: 

1. Many statements appear in the literature indicating that Avound 
healing is stimulated by the application of macerated embryonic tissues 
or of embryonic juices. 

2. A striking thing about the experiments described is that the 
embryos used AA^ere taken from organisms AAdiich typically possess a aa’-cP 
developed allantois. 

3. The characteristic substance in the allantoic fluid is allantoin. 

4. Maggots in some Avay promote an increased rate of healing. 

5 . Arthropods, like most other animals, excrete their end produc 

of purine metabolism largely as allantoin; maggots, therefore, probably 
excrete allantoin. ,, 

6. The production of allantoin through the disintegratfon of uric 
acid is said to be accelerated in an alkaline medium. - ' 

7. The intestines of maggots (through Avhich the urinary excretions 
pass) haA'^e an alkaline reaction ® sometimes as high as pH 8.2, and the 
Avound becomes noticeably alkaline AA'hen maggots are used. 

While other substances could obAUOusly be concerned also in the heal- 
ing effects obtained, the indications AA^ere that allantoin might be an im- 
portant factor. No mention of the therapeutic Amlue of this substance 
could be found, hoAA^eA^er, in any of the standard Avorks on pharmacology, 
physiology, or pathology, or in the United States or British Pharmacopeia. 
As this article AA'as being prepared for publication a single reference AA^as 
found in Merck’s Index, as mentioned later. 

Specimens of both sterile and non-sterile maggot excretions Avere 
obtained in quantities of about ten cubic centimeters each and AA^ere 
found * to contain allantoin. These determinations AA’-ere conhrmed * bj'- 
ciystallographic examination. The effect of allantoin upon chronic non- 
healing Avounds AA^as next cautiously tested. Fortunately allantoin can 
be obtained commercially, and a supply AA-as purchased. As the amount 
of this substance in maggot secretions is necessarily Ioaa^, and is further 
diluted AA’ith the serous discharge from the Avound, a AA^eak solution Avas 
used. It AA^as applied daily on AA-et gauze dressings. The methods of 
preparation and application are described later. 

The cases in AAdiich the allantoin treatment Avas giA^en AA^ere those of 
chronic non-healing Avounds AAdth oedematous, indolent tissues lining the 
Avounds, poor in circulation, and discharging pus. These included cases 
of chronic ulcers, of failure to heal after extensive burns, also of Avounds 
in Avhich suppuration had already been considerably reduced, but .Avith 
little granulation. Treatments Avere begun in August 1934 at the 
Gallingcr Municipal Hospital, Washington, D. C., in cooperation Avith 
Dr. B. Golden, and later at Mount Alto Hospital, Washington, D. C. 
Avith Dr. W. P. Sherlock. This inA-estigation AA-as extended to the Hos- 

* ThrouRh the courtesy of Dr. E. P. Clark and Dr. G. L. Keenan, of the United 
States Department of Agriculture. 
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pital for Joint Diseases, New York, N. Y., througli the courtesy of Dr. J. 
Buchman. After the first few treatments, small areas of shining, pinkish 
granulation tissue could be seen growing in the wound, followed later by 
a general development of granulation. The new tissue bled easily and its 
appearance resembled healthy tissue. In soft-tissue wounds, the allan- 
toin treatment was found to be very effective in cleansing the wound and 
producing healthy granulations. In cases of osteomyelitis, the rate of 
healing was not always found to be so rapid as when maggots were used 
initially. There is no doubt that living maggots play a definite role and 
are especiaUj’’ valuable in deep-seated infections, since thej>' not onty 
secrete allantoin, but also remove detritus and reduce the infection. It 
is not claimed that in such cases allantoin will entirely replace maggots. 

Allantoin is bland, stable, and harmless. It has no odor and is non- 
staining.''; It' is also quite inexpensive; a daily application of about 75 
cubic centimeters -of solution to a wound of moderate size costs approxi- 
mately five cents. Tn-preparing it for use, a satisfactorj’- method is to 
heat a flask of sterile water to near the boiling point; then add the allantoin 
and gently heat without boiling until the crj'^stals are dissolved. This 
should be done with reasonable aseptic precautions, as the solution cannot 
be autoclaved or boiled without a resultant chemical change. The 
strength of solution used in the present tests was at the rate of 2.5 grams of 
allantoin to 500 cubic centimeters of water, which is close to the saturation 
point. The solution was made up in quantities sufficient for about one 
week’s use. It should not be chilled in a refrigerator, as the allantoin wOl 
easilj’’ crystallize. It is better kept out in the laboratory, but awaj' from 
'excessive sunlight. 

The application of allantoin appears to stimulate a local, rather than 
a generalized, granulation. This is fortunate, as the extent of new 
growth can be controlled. In a deep wound, Avhere it is necessary to pro- 
mote healing from the bottom upward and to restrict lateral growth, this 
can be done bj’^ applying the solution in a small packing to the base of the 
wound and covering the sides very lightly with vaselin. YTiere general 
granulation is required, the wound should be loosely filled with gauze 
dressings well soaked with solution. Some of the solution might also be 
poured into the wound. A wet pack is then laid on top to retard drying 
and is covered with one or two dry packs which are fastened down with ad- 
hesive plaster. The gauze packing should be placed lightly in the wound 
to prevent adherence to the tissue. This treatment is painless, easily 
given, and requires but little time. Dressings should be renewed before 
they become dry. No chemicals should be used in the wound during the 
allantoin treatment; before the initial treatment, the wound should be well 
washed with sterile water. This should be preceded, of course, by the 
usual type of thorough debridement where necessarj’-. While the solution 
will penetrate a thin pellicle over the tissue, it is, of course, better to bring 
it into direct contact with the living tissue. 

This paper is a preliminary report, presented in the hope of interesting 
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others in this treiilrnent, and does not include a discussion of case histories. 
The tests are being continued with other concentrations of allantoin, to- 
gether with' combinations of other substances occurring naturally in 
maggot excretions. 

Allantoin is the principal terminal product of purine metabolism in 
animals below man and the manlike apes, and it results from the oxidation 
of uric acid through the action of uricase. It is also widely distributed 
among plants. Eeferences to its composition and derivation are numer- 
ous in works on physiological chemistry. It is regarded as an excretory 
material, resulting from the metabolism of the cell nucleus. In its new 
role, as a stimulator of tissue growth where development is inactive, the 
indications are that allantoin and possibly some of its related substances 
are more than waste products. They might be normally used in the nu- 
clear structure of the cell. 

Corroboration of the healing effects of allantoin was obtained through 
the finding of an article written in England twenty-three years ago by 
Macalister ® on the therapeutic imlue of this substance. Merck’s Index 
has also been found to contain an item on allantoin; although no reference 
is given, its source is evidently Macalister’s report, as the information 
given is similar. Macalister found allantoin conspicuously present in the 
roots of comfrey, a plant formerly highly regarded by the peasantry of 
Europe for its healing properties. He also tried pure allantoin solution in 
the treatment of chronic ulcers and obtained healing effects with rapid 
granulations. The wounds thus treated appeared afterward to remain in 
good condition. He and his associates experimented to the extent of using 
allantoin internally in the treatment of gastric and duodenal ulcers, with 
success. To Macalister the writer willingly yields priority in the discov- 
ery of the therapeutic value of this material. That author also mentioned 
that metabolic substances might be used in cell construction. This ques- 
tion was later touched upon by Rose who suggested that there “is the 
possibility of the reutilization of the purines liberated in catabolism. We 
are in the habit of thinking of these purines as being transformed into uric 
acid and with more or less promptness eliminated.” 

It is hoped that extensive trials of the allantoin treatment will be 
made and that improved methods of applying it will be described. 

CONCLUSIONS 

Allantoin, a constituent of the urinary secretions of surgical 
maggots and of common occurrence in plants and animals, has been found 
to stimulate healing, with abundant growth of healthy granulation tissue 
in slowly healing suppurative wounds. The excretion of this substance 
into the wound is doubtless one of the factors contributing to the remark- 
able healing effects obtained in maggot therapy, but the claim is not made 
that it can be substituted for maggots. Allantoin can be obtained com- 
mcrcialW. It is bland, stable, and harmless; it has no odor and is non- 
staining. The treatment is simple, painless, and inexpensive. 
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FRACTURES OF THE FOREARM 
An Analysis of 415 Cases with Special Reference to Disabilities 

BY BARNEY J. HEIN, M.D., F.A.C.S., TOLEDO, OHIO 

This treatise is a study of the end results in 415 fractures of the fore- 
arm, considering both anatomical and functional results, as well as the 
actual time lost. The cases occurred consecutively in the iDrivate and 
industrial practice of the author in the last eight years. 

For the purpose of the study the fractures are grouped, according to 
location, in the lower, middle, and upper thu'ds of the forearm. Because 
of their special problems, fractures in the Colies’ area, the head of the 
radius, and the olecranon are considered separately. The distribution is 
as follows: — 


Colies’ area 


159 

Radius, lower third 


33 

Ulna, lower third 


7 

Radius and ulna, lower third 


39 

Radius, middle third 


.. . . 6 

Ulna, middle third 


11 

Radius and ulna, middle third . . 


22 

Radius, upper third 


1 

Radius, head 


. 40 

Ulna, upper third . . . 


,12 

Olecranon 


16 

Radius and ulna, upper third. 


. . , . 4 

Patients 


... . 350 


In sixty-fii'c of these 350 patients both the ulna and radius were 
fractured, making the total of 415 individual fractures. In thirty-three 
of the fractures of the radius in the Colies’ area, the tip of the styloid 
process of the ulna also was fractured, but this is not regarded separately. 
It is interesting to note that 277 fractures (66.7 per cent.) occurred in the 
lower third of the forearm; 61 fractures (14.7 per cent.) in the middle 
third, and 77 (18.5 per cent.) in the upper third. 

Figure 1 illustrates graphically the anatomical distribution. 

In analj'zing the cases according to age, it was found that fractures 
may occur in anj^ region at any age, but the majority in this series oc- 
cuiTcd diu'ing the period of gz'eatest jihysical activity (See Table I). 

Twenty-five per cent, of all fractures and thirty-five per cent, of the 
fractures situated in the lower third of the forearm occurred before the 
age of twenty. 

Types: In most instances it is obvious to which class various frac- 
tures belong; nevertheless, in some the classification is difficult and here 
the author has used his judgment. Table II represents the types of the 
fractures. There was a predominance of simple transi'crse (47.4 per 
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cent.), followed bj' simple comminuted (17 per cent.), then by simple 
oblique (8.6 per cent.), etc. 

Methods: No attempt has been made to describe in detail the 
■\’arious forms of treatment used. Where reference to treatment has been 
made, it was considered important from the standpoint of end results and 
disabilit 3 n When displacement occurred, reduction was usuall 3 ’' made 
with the aid of the fluoroscope. Retention was accomplished b 3 ’^ con- 
ventional means, — either plaster or coaptation splints; and baking, 
massage and motion 

were started as earl 3 ' FIG- 1 

as was consistent with 
good results. 

For the estima- 
tion of end j’esults, 
both anatomical and 
functional, the clas- 
sification of good, 
moderate, and bad, as 
adopted b 3 '' the Amer- 
ican Surgical Asso- 
ciation for Industrial 
Hospitals, has been 
used throughout the 
study. 

Disabilities: In 
each group where 
there were enough 
cases, disabilities 
have been considered 
as to age, abilit 3 ' to 
do heavy dut 3 q Joint 
involvement, etc. In 
estimating time lost 
onl 3 '- uncomplicated 
cases have been con- 



j ^ ouecR.^^^o^l 

wepib 40 


"EfNiiias 

11 

■ 

/ uuti f\ 

Upper, -third 

n 


UPPER -THlRb 

5 

FI 

1 

\e> 

■RAblOS 

n 

n 

UV-t^Pv 



1 




33 



Ti 

I out)c>k 

uoucr-ITwro 



kou3eR dHiRb 

/ 

/ 

4e 


cok.ues 

159 


fsssoc.ie.Tec> lOitm 
CQut.es 

33 


sidered, e.\'cept when specificall 3 ’^ stated. Of importance is the fact that 
19.4 per cent, of all the fractures had serious complicating injuries which 
lengthened disabilit 3 ’. 


fractures in colles’ area (figs. 2-a axd 2-b) 

This group includes all fractures of the lower one inch of the radius. 
It comprises 159 cases, in 100 of which the fragments were displaced and 
in 59 of which the 3 ’' were not. The right wrist was broken in SS ca.ses: 
the left in 71; in 4 cases both wrists were fractured. In 71 instances the 
fracture line involved the wrist joint, while in SS there was no Joint in- 
volvement. Of the 100 jiatients with fractures in which the fragments 


VOL. xvrr, no. 2. april 1935 














274 


B. J. HEIN 


were displaced, 82 received general anaesthesia, and 3 local anaesthesia. 
In 12 cases no anaesthesia was needed; these were seen very early, before 
swelling had occurred, and reduction was not difficult. Two patients re- 
quired a second anaesthetic. 

In the thirty-three patients who had fracture of the ulnar styloid 
process, associated with a fracture of the loiver end of the radius, the 
former was disregarded and in no instance did it cause any added dis- 
ability. It is the writer’s opinion that these fractures of the styloid 
process are often overlooked. 

The position most commonly used in splinting was with the wrist 


TABLE I 
Age Incidence 


Location of 

1-9 

10-19 20-29 

30-39 

40-49 

50-59 

60-69 

70-79': 80-89 


Fracture 

Y ears 

Years Years 

Y ears 

Years 

Y ears 

Years 

Ye.ars Years 

Total 

Colies’. . . . 
Radius, 


26 19 

33 

32 

29 

1C 

4 

159 

lower 
third . . . 

9 

15 4 

2 

1 

2 



33 

Ulna, 









lower 









third . . . 


3 2 

1 



1 


7 

Radius and 









ulna, 

lower 









third. . . 

8 

23 1 

3 

2 


2 

■ 

39 

Radius, 









middle 
third. . . 

1 

2 


2 

1 


' ' i 

' ' i 

6 

Ulna, mid- 









die third 

1 

6 

1 

1 

1 


1 

11 

Radius and 









ulna, 
middle 
third . . . 

8 

3 1 

5 

3 


1 

1 

22 

Radius, 









Upper 
third . . . 

1 







1 

Ulna, up- 
per third 
Radius and 


1 2 

7 


1 

1 


12 

1 

ulna, up- 
per third 

1 

1 

2 





4 

Olecranon. 

Head of 

1 

3 4 

4 

1 

2 

1 


10 

radius . . 

1 

2 10 

18 

5 

2 

2 


40 

Total 

31 

77 51 

70 

47 

38 

24 

5 1 
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FIG. 2-A 


CoLLEs’ Fractures (Displaced). 


Tracings from roentgenograms. Eesults with periods of disability. 




Case 1 

Mrs. S., aged 57 years. 
Tj^pe: simple comminuted. 
Result: good anatomical, 
good functional. 
Occupation : housework. 
Disability: 5 weeks. 






Case 3 




Case 4 


Case 2 

Mrs. I. G., aged 76 years. 

Type : simple comminuted. 

Result: poor anatomical, 
moderate functional. 
(Prominent ulnar sty- 
loid, with considerable 
radial deviation of 
hand.) 

Occupation: housework, 
retired. 

Disability: 8 weeks. 


Case 3 

Mrs. L. B., aged 30 years. 
Type: simple transverse. 
Result: good anatomical, 
good functional. 
Occupation: housework. 
Disability: 5 weeks. 


Case 4 

Mrs. J. R., aged 81 j'^ears. 
T 3 ^pe : simple comminuted. 
Result : moderate anatom- 
ical and good func- 
tional. 

Occupation : retired. 
Disability: G weeks. 


straight; this position was used in 108 cases. In forty-nine the wrist was 
placed in various degrees of flexion and retained by means of a posterior 
plaster splint. This is a position that holds the fragments well, but the 
wrist should be straightened at about the tenth day if shortening of the 
flexors is to be avoided. This complication is prone to happen in older 
peojilc and for that reason the flexed position is being abandoned in the 
treatment of the aged. In two cases of reverse Colles’ fracture, the 
wrists were placed in hyperextension. In no instance among the four 
cases of fresh fracture engrafted upon an old Colles’ fracture, which had 
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^ Analyzing tho inodorate anatomical results, one finds many interest- 
ing com jiheal.ions elsewhere, wliicii influenced the outcome considerably, 
j nesc were spoc!ficall3\’ 


1. hractnre of the femur, with bad general condition. 

2. Dislocation of tlio elbow. 

3. Ar(criosclero.sis; only fair position of the fragments. 

4. I'j’aclurc of (he skull and other serious injuries. 

5. Myocardit is,— anaesthesia contra-indicated. 

6. ICxti'cmo swelling after reduction, requiring release of splints. 

7. New fracture in an old deformit}" (three cases). 

8. Fracture of the skull. 

9. Dislocation of semilunar bone of wrist and multiple fj-actures of 
the pelvis, ribs. Jaws, etc. 

10. Compound fi-acture of the femur with compound dislocation of 

the elbow. . ; 

11. Fracture of the humerus and nijmcarditis.', .;V - . 

12. Old age, — general condition such as not to vtarrant any pro- 
cedure. 

13. Passive congest ion of the wi'ist and forearm from previous ampu- 
t at ion of breast, and old fractiu’e of wrist with some deformity. 

14. Fi'acture of the clavicle. 

15. Fractuj'es of cuneiform bone, tibia, and fibula, and transverse 
processes of the vertebrae. 

16. Two weeks’ delay in reduction. 

Ill nine cases of moderate anatomical results, there were no com- 
plications. In the five cases in which bad anatomical results wei'e ob- 
tained one finds: 


1. Displacement after reduction, resulting in delayed union. 

2. Fresh Colles’ fracture engrafted upon an old fracture which had 
healed with deformity. 

3. Comminution of fragments, incapable of retention. 

4. Comminution of fragments, with fracture also of head of the 
radius. Head of radius was removed and there was considerable 
shortening of the I’adius. 

5. Colies’ fracture, complicated with fracture of head of the radius 
and chronic chorea. 

In dividing the thirty-two cases of moderate and bad anatomical re- 
sults into types of fractures, one finds that there were twenty-four com- 
minuted fractures, resulting in twenty moderate and four poor anatomical 
results. There were six transverse fractures, yielding five moderate and 
one poor anatomical result. Two oblique fractures accounted for two 
moderate anatomical results. 

The anatomical and functional results did not always correspond,— 
for instance, in five bad anatomical results, only two were bad function- 
ally, and three were classified as moderate functional results. 
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Of twenty-seven moderate anatomical results, eighteen yielded mod- 
erate, and nine good functional results. Four good anatomical results 
gave only moderate functional results. Of these, two were comphcated 
with rheumatism, one with a posterior dislocation of the elbow, and one 
had no comphcations. 

The causes of moderate or poor anatomical results were, primarilj', 
imperfect reduction, or inability to maintain reduction, manifested later 
by: 

1. Various degrees of change (tilting) of the radial articular surface 
in its relation to the shaft of the radius. 

2. Shortening of the radius in varying degi-ees, especially in com- 
minuted fractures, resulting in radial deviation of the hand. 

3. Widening of the wrist. 

4. Prominence of lower end of ulna. 

The moderate, and bad functional results revealed : 

1. VaryingVdegrees of limitation in the wrist joint, most marked in 
flexion,!"'" 

2. Varjdng' degrees of impairment in finger function, generally due 
to arthritic tendencies. There were four cases of arthritis in this 
series. 

3. Weakness. 

4. Pain. 

Disabilities: 

The average period of disabiUty of all cases in this group of CoUes’ 
fractures, regardless of complications, was 8 weeks. Twenty-nine of them 
had serious complications. The uncomplicated cases, 130 in number, 
had an average disability of 6.2 weeks, but if heayj^ manual labor had to 
be done, even though the fractures were uncomplicated (40 cases), 8.7 
weeks elapsed before the patients were able to work. In the group of 
fractures which were displaced and required reduction, but were not 
complicated by other serious injuiy, the average time lost was 7.4 weeks, 
while in the group with no displacement (38 cases) the average time lost 
was 5.8 weeks. 

The average disability of sixty-one simple transverse fractures, not 
involving the wrist joint, was 6.2 weeks, while in fifty-five comminuted 
fractures involving the wrist joint the average disability' was S-h weeks. 

Disability grouping according to age was: 


10 to 19 years (21 cases) 4.9 weeks 

20 to 29 years (15 cases) 5.0 weeks 

30 to 39 years (27 cases) 6.7 weeks 

40 to 49 years (27 cases) 7.2 weeks 

50 to 59 years (IS cases) 7.9 weeks 

60 to 09 years (12cascs) 7.0 weeks 

70 to 79 years ( 4 cases) 0.75 weeks 
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In t hose patients below twenty years of age (tlie school group) 4 9 
weelcs represonted the time the part was immobilized and protected 
iniber than a disability to work. It will also be noted that the groups 
from sixty to eighty years show a slight shortening of disability over those 
jireccding. This is accounted for by the fact that these older patients 
have passed tlic period of pliysical activity and splinting was, therefore 
dispensed with sooner, ’ 

In the four cases witli both i-adii involved, the average disability was 
11+ weeks. 

In this group bony union occuri'ed in every case. No open 
reductions were considered necessary. In only one was union delayed 
(fifteen weeks), and this was from slipping of the fragments after reduc- 
tion. In all other cases with disability of over eight weeks, the cause was 
other concurrent injuries more disabling than the wrist fractures. 

FRACTURES OF THE LOWER THIRD OF THE. RADIUS 

This gi'oup compi'ised 7,9 per cent, of the total number of forearm 
fractures. There were thirty-three cases, and 72.7 per cent, of this num- 
ber occurred before the age of twenty (See Table I). Since this fracture 
is an injury of the young, happening mostly in pla}^, it is interesting to note ■ 
that all patients in this gj-oup were quite free from serious complicating 
injuries. The light side was involved nineteen times, the left fourteen. 
There was a predominance of males, — twent 5 ^-four to nine. Twenty- 
three fractures were displaced and required reductions; of these sixteen 
were angulated and seven were overriding. Fourteen of these patients 
were given general anaesthesia, and one local; while eight of the fractures 
with angulation were seen early and reduced without anaesthesia. 

The predominant type of fracture in this group was the simple 
transverse, occurring in twenty-two cases; followed by the greenstick in 
seven cases; incomplete, two; simple oblique, one; and compound com- 
minuted, one. 

Usually treatment is not difficult, and reduction is generally a simple 
matter. After reduction has been accomplished, there is very little 
tendency to displacement and retention either in plaster oi coaptation 
splints is satisfactory. 

If difficulty in holding the position is encountered, it is usually in the 
simple oblique and comminuted, displaced types. The intact ulna acts 
as an efficient aid to splinting in all fractures of the shaft of the radius; it 
maintains position and prevents overriding. 

Fixation: Seven of this group of fi’actures of the lower i-adius had 
casts applied and twenty-six had coaptation splints. Following the 
correction of angulation, it was often deemed advisable to use felt pressure 
pads, which could easily be adjusted if necessary, in conjunction with the 
coaptation splints. In all fractures of the forearm, with the exception of 
Colies’ fracture, it has been the custom to immobilize the hand and wilst 
as well as the elbow. In Colles’ fracture the elbow was not splinted. 
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Disabilities: 

In the patients below twenty years of age (twent 3 "-four cases), the av- 
erage disability was 4.3 weeks. In those above twenty years, six cases re- 
quired 5.5 weeks, while four whose work was heavy had disabilities of 5.1 
weeks. 

Two cases with prolonged disabihties were not considered. One of 
these had an overriding of four months’ duration before treatment. An 
open reduction was performed and good anatomical and functional results 
were obtained, though with a disability of nine months. The other was a 
case of non-union in a luetic, who had been previously operated upon un- 
.successfulljc The ends of the fragments were freshened and good reposi- 
tion obtained, but again there was failure. The wound became infected 
and non-union, with a bad anatomical result, followed. The disabilitj^ 
in this case was fifty-two weeks. 


Results: 




(a) Anatomical ■ 

Moderate . 


Bad 


Good 

(6) Functional 

Moderate 

Bad 


Note: One patient was not included in the above, as death supervened from a 
fracture of the skull. 


The one case classified as a moderate anatomical result was compli- 
cated by a compound dislocation of the lower end of the ulna, with a 
tearing of the ligaments between the radius and ulna. The result, how- 
ever, was good functionalljq though the wrist was widened and the ulnar 
styloid was prominent. The bad anatomical result was in the luetic 
above mentioned. 

Union was usualty rapid and obtained in all cases in this group except 
in the luetic, in which case infection followed operation. 


FRACTURES OF MIDDLE THIRD OF RADIUS 

Fractures in this region of the radius were much more uncommon 
than in the lower third. Onty six occurred, constituting onty 1.4 per cent, 
of the total number; no age group seemed to be particularty susceptible 
(Table I), and the simple oblique tj^pe of fracture predominated (Table 
II). All occui'red in males, each side being involved three times. In 
three cases the fragments were displaced and required reduction. There 
was one compound comminuted fracture, the result of a gunshot wound. 
In this a debridement was performed, the wound healed prompth', and 
the fragments united in good position with good function. 

One oblique fracture, complicated bj' a fracture of the skull, was 
operated on three times before union was secured. The first operation 
was delaj’ed three weeks on account of the complication; the result was 
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Hon-iHiioii. A.t lliG second operation the ends were fi'eshened and wrapped 
wil li ostcopeiuostcal-wafer grafts from the tibia; non-union again occurred. 
At. the thii'd operation a large onlay graft ivas used and union was finally 
obtained. The length of time required was two years. 


Results: 

( Good 4 

iModcnitc 2 

B:k1 0 

Good 4 

(h) Functional ■ Moderate 2 

Bad 0 


Disabilities: In comparison with fractures of the lower third of the 
radius, the periods of disability in this group averaged about twice as long. 
In four cases, ovei' twent 3 '- 3 ''ears of age (working class), the average time lost 
was 10.5 weeks; while two patients doing heavy labor, before they returned 
to their occupation, lost 13 weeks. In one case, age two, the time was 4 

TABLE III 

FnACTunES of the Head of the Radius (Not Displaced) 

Results 


Limitation 

Case Pain in 

Extension 


1 

No 

No 

2 

No 

No 

3 

No 

No 

4 

No 

No 

5 

No 

40 degrees 

6 

No 

No 

7 

No 

No 

8 

No 

No 

9 

No 

No 

10 

No 

No 

11 

No 

No 

12 

No 

No 

13 

No 

15 degrees 

14 

No 

No 

15 

No 

No 

16 

No 

No 

17 

No 

No 

18 

No 

No 


Limitation 

in 

Flex-ion 

Limitation in 
Pronation and 
Supination 

No 

No 

No 

No 

No 

No 

No 

No 

20 degrees 

No 

No 

No 

No 

No 

No 

No 

No 

No 

No 

No 

No 

No 

No 

No 

No 

No 

No 

No 

No 

No 

No 

No 

No 

No 

No 

No 


Complications 


Fractured olecranon 
which was sutured. 
Crepitus over head. 


Lateral dislocation 
of elbow. 


j Compound fracture of 
\ both patellae. 

j Fracture of lower end 
1 of humerus. 
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weeks. The one with an oblique fracture, requiring three operative 
procedures already described, had a disability of two years. Two of the 
six cases were complicated by fractures of the skull. Union occurred in 
all cases of this group. Accurate reductions are essential in this region 
for good results and minimum disabilities. 

FRACTURES OF UPPER THIRD OF RADIUS 

Since there was only one case in this group, no deductions could be 
made. The patient was a boy of nine years with a simple transverse 
fracture ; the fragments were displaced. It was complicated with a supra- 
condjdar fracture, and posterior displacement of elbow. The supracon- 
dylar fracture was reduced, and fair position secured in the radius, with 
immobilization in acute flexion. The result was a moderate anatomical 
and a moderate functional one, with considerable limitation in pronation 
and supination. The time under observation and splinting was ten weeks. 

FRACTURES OF HEAD OF RADIUS (FIGS. 7-A AND 7-b) 

Of the forty cases in this group, the greatest number occurred during 
the period of greatest activity (Table I), and only three occurred below 
the age of twenty. The males were twenty-five in number; the females, 
fifteen. The right arm was involved twenty-five times; the left, fifteen 
times. The most common type of fracture of the head was the com- 
minuted, which occurred in twenty-six instances, followed by the chip off 
the head in eight cases, longitudinal fracture in four, and transverse frac- 
ture through the neck in two cases. Displacement occurred in twenty- 


TABLE IV 

Head of the Radius (Displaced), No Resection 
Results 






Limitation 



Case Displace- 

Pain Limitation Limitation 

in Prona- 

Crepitus 

Complications 


merit 


in 

in 

tion and 

over 





Extension 

Flexion Supination 

Head 


1 

Slight 

Yes 

15 degrees 



Yes 


2 

Yes 

No 

20 degrees 

15 degrees 

Slight 

1 

f Fracture of lower 
[ end of humerus. 

3 

Sliglit 

No 

60 degrees 

45 degrees 

Some 

Yes 1 

f Posterior dislocation 
[ of elbow. 

4 

Slight 

No 

10 degrees 




5 

Yes 

No 

No report 



1 

i 

f Posterior dislocation 
[ of elbow. 







1 

[ Fracture of lower 

G 

tcs 

Yes 

30 degrees 

15 degrees 

Some 

1 

end of radius. 

[ Chronic chorea. 

7 

Slight 

No 

20 degrees 



Yes 



VOL. XVn. no. 2. APniL 1935 



284 


B. .1, HEIN 


two cases and in fificen of ihese resections were done. In eighteen the frag- 
ments wei'c not, displaced and these cases were ti-eated conservatively. In 
twelve of the cases wit h displacement there were associated dislocations of 
the elbow, classified as follows: posterior, ten; anterior, one; lateral, one. 

Other associated complications were: fracture of the olecranon in two 
cases; fracture of the coronoid pi'occ.ss in one case; fracture of the lower 
end of t he humei-us in four cases; fracture of the lower end of the radius in 
t wo cases; fractiii'cs of the radius and ulna in one; and intercarpal disloca- 
tions in two. The dislocations of the elbow were of sufficient frequency to 
be considered a likely complication of all fractures of the head of the ra- 
dius. A fracturing force exerted along the shaft of the radius, causing the 
radial head to break against the capitellum, if carried through, will result 
either in a posterior dislocation of the elbow or an anterior dislocation of 
the radius, depending upon the degi’ee of fle.xion present in the elbow joint 
when this force is received. This same force may also account for the 
fractures of the coronoid process and of the olecranon, which are occa- 


TABLE V 

Head of the Radius (Displaced), Resected Early 
Results 







Limitation 


Case Displace- 

Pain 

Limitation 

Limitation 

in Prona- 

Complications 


ment 


in 

in 

tion and 





Extension 

Flexion 

Supination 


1 

Yes 

No 

10 degrees 



f Fracture of tip of 

2 

Yes 

No 

15 degrees 



< coronoid. Posterior 
[ dislocation of elbow. 







f Fracture of olecra- 

3 

Yes 

No 

20 degrees 



( non. Sutured. 







f Fracture of patella. 

4 

Yes 

No 

10 degrees 



Posterior dislocation 
[ of elbow. 






i 

f Posterior dislocation 

5 

Yes 

No 

20 degrees 


1 

t of elbow. 





30 degrees 

1 

20 degrees ■ 

f Intercarpal disloca- 
1 tion. Posterior dis- 

6 

Yes 

No 

25 degrees 

location of elbow. 
Diabetes. 



7 

Yes 

No 

10 degrees 


1 

Posterior dislocation. 

8 

Yes 

No 

45 degrees 

20 degrees 

50 degrees j 

Fracture of lower end 
of humerus. 




15 degrees 


/ 

Posterior dishes- 

9 

Yes 

No 


1 

tion of elbow. 

10 

Yes 

No 

15 degrees 
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sional complications. This mechanism of the fracture is important for it 
signifies that there is often a severe injury to other hgaments about the 
elbow as well as to the orbicular. Probably in manj’- cases there is damage 
to these hgaments, but in the absence of a frank dislocation, the degree of 
damage cannot be so easily determined. 

Results: 

In stud 3 dng the results, the cases were dmded into four groups: (See 
Tables III, IV, V, and VI.)* 

(a) Not displaced and treated conservativelj’- (eighteen cases). 

(b) Displaced and treated consenmtivelj’’ (seven cases). 

(c) Displaced and resected earty (ten cases). 

(d) Displaced and resected late (five cases). 

(a) In the non-displaced group of eighteen cases, sixteen had nor- 
mal results. One presented a limitation in extension of the elbow of 40 
degrees and a limitation in flexion of 20 degrees. In this case the ole- 
cranon was fractured and required suturing. A second case had a hmita- 
tion in extension of 15 degrees; otherwise the result was normal. This 
case was complicated with a lateral dislocation (Fig. 7-A, Case 32). In 
no case in this group was there a complaint of pain. 

(b) Displaced but treated conservativelj' (seven cases): In fom- 
cases the displacement was considered verj"^ shght. Ah of the remaining 


TABLE n 

Head of the Radius (Displaced), Resected Late 
Results 







Limitation 


Case Displace- Pain 

Limitation 

Limitation 

in Prona- 

Clomplications 


ment 


in 

in 

tion and 





Extension 

Flexion 

Supination 








1 Musculospiral paraly- 

1 

Marked 

No 

Marked 

Marked 

Marked | 

, sis. Old posterior dis- 
[ location of elbow. 

2 

Marked 

Yes 

30 degrees 

20 degrees 

30 degrees < 

f Fracture of lower end 
( of radius. 






1 

f Exaggeration of radial 

3 

Marked 

Yes 

20 degrees 

25 degrees 

25 degrees * 

1 

shaft with anterior dis- 
[ location. 

4 

Marked 

Yes 

30 degrees 

10 degrees 

J 

Paralysis of median 
neri-e. Fracture of 
lower end of humerus. 

5 

Marked 

No 

60 degrees 

40 degrees 

Complete 

Loss of soft parts of el- 






loss 

bow. Posterior dislo- 








cation. 


* The case numbers in these tables do not correspond to the case numbers shown on 
the illustrations. 
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Fractures of the Radius. 

Tracings from roentgenograms. Results witli periods of disability. 
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iJii’oc ]]atl comphciitions (See Table IV). Tlicse were manipulated under 
anaesthesia. All of these patients liad some limitation in extension, three 
some limitation in fle.xion, and thi’cc some limitation in pronation and 
supination. Three had crcpif.us ovci- the head of the radius on rotation 
for months afterward. Two complained of pain afterward. 

(c) Displaced and resected early (ten cases): In these cases there 
were uniforml}'’ good, alt hough not perfect results. None of the patients 
complained of pain. All had limitation in c.xtcnsion of from 10 to 15 
degrees. T wo had limitation in flexion. Two had limitation in prona- 
tion and supination, which in one case was quite marked (Table V). 

(d) Displaced and resected late (five cases): In all of these cases 
there was marked displacement and in four there were serious complica- 
tions (7 able VI). All showed marked limitation in extension and flexion 
of the elbow; and in four cases there was marked limitation in pronation 
and supination. One patient had complete loss of rotation. 

Tww Lost: 

(a) Not displaced: average disability, 4.66 weeks. 

(b) Displaced, not I'esected: average disability, 10 weeks. 

(c) Displaced and resected early: average disability, 8.5 weeks. 

(d) Displaced and resected late: average disability, 23 weeks. 

Note, — All resections were complete. No resections were made in the young; in 
this group we recommend operative replacement of the head if possible. The writer’s 
experience with the manipulative treatment in fractures with displacement has not 
been satisfactoiy. 

In the entire series there were seventeen cases with serious complica- 
tions which no doubt affected the disabilities and results; fifteen of these 
occurred in the displaced groups. Complications should he given due 
consideration in prognosis. 

Non-displaced fractures of the head of the i-adius treated conserva- 
tiveb^ gave uniformly good results. Displaced fractures treated conserva- 
tively did not give as good results as those resected. Early resection 
yielded better results than late. 

FRACTUEE OF THE LOWER THIRD OP ULNA 

There were seven cases in this group, or 1.6 per cent, of the entiie 
series, the fractures occuri'ing in six males and one female. In two cases 
the ulnar styloid alone was fractured. Two fractui-es were displaced and 
required reduction under anaesthesia. The simple transverse type pre- 
dominated, being present in three cases. There was one greenstick and 
one compound comminuted fracture. The latter (Fig. 3, Case 11) was 
accompanied by extensive injuries to the soft parts of the forearm and 
hand. In this case a debridement was performed before reduction was 

Reduction in fractures in this region is ordinarily not difficult and 
immobilization is accomplished by a plaster cast with the wrist in the posi- 
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tion of rest. In all fractures of the forearm during immobilization, the 
early use of the fingers was encouraged. 

Good anatomical and good functional results were obtained in all 
cases. The average period of disability was nine and two-sevenths weeks. 
This includes one case of delayed union requiring thirteen weeks and a 
second case requiring sixteen weeks because of an injury to the hand. 
The average disability in four uncomplicated cases was six and two-sev- 
enths weeks. The average disabilitj' in the two cases of fracture of the 
ulnar styloid, both occurring in men doing hard labor, was six and one- 
seventh weeks. 

Firm bone union was obtained in all cases. 

;; FRACTURE OF THE MIDDLE THIRD OF THE ULNA 

This group consisted of eleven cases, or 2.6 per cent, of the total 
series. There were ten males and one female. Two of the fractures were 
displaced and required manipulation. With the exception of one case, all 
occurred above the age of twenty (Table I). The simple oblique type of 
fracture was present in six cases; simple transverse, in three cases; simple 
comminuted and compound comminuted, in one case each. There was an 
anterior dislocation of the head of the radius accompanying the fracture in 
one case. The anterior dislocation of the head of the radius occurred 
twice in this series with fractures of the ulna (Fig. 3, Case 9). Whenever 
the ulna is fractured alone and there is overriding of the fragments, this 
dislocation should be looked for. It can easily be diagnosed clinically by 
the marked limitation in flexion of the elbow. 

Reduction is usually not diflicult, and here also accuracy in reduction 
is essential for early healing and minimum disabilitjn Immobilization is 
obtained in a plaster cast. 

Results: All cases in this group were classified as good anatomical and 
good functional results. 

Disabilities: As in fractures of the middle third of the radius, frac- 
tures in the middle of the ulna required longer healing periods than those 
in the lower third of the same bone, and the time of disability was longer. 
In seven uncomplicated cases the average disability was eight and one- 
seventh weeks. In two cases, both non-displaced, there was delayed 
union requiring eleven and one-seventh weeks and sixteen weeks respec- 
tiveljL 


FRACTURE OF THE UPPER THIRD OF THE ULNA 

There were twelve fractures in this group, or 2.S per cent, of the total 
number; nine occurred in males and three in females. Four cases were of 
the simple transverse type; two were simple oblique: while the coronoid 
process was fractured six times. Seven fractures in this group occurred 
between the ages of thirty and thirty-nine years, only one being present 
before the age of twenty. In only one case was there displacement, re- 
quiring reduction. In this case there was also the complication of an an- 
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FIG. S-A 

Fhactuiies op JIadius and TJijNa, Loweu Tiiikd (Displaced). 
Ti'acing.s fi-om roDnigeiiograms. Hcsults vvitJi periods of disability. 



Case 16 



M 


After 



Type 


Case 16 

P. W., aged IS years. 

[Radius; simple 
transverse. 
Ulna: simple 
transverse. 
Result: good anatomical, 
good functional. 
Occupation : school. 
Disability: 10 weeks. 



Case 17 



T.ype - 


Case 17 

R. S., aged 12 years. 

'Radius: simple 
transverse. 
Ulna; s i m p 1 e 
transverse. 
Result: good anatomical, 
good functional. 
Occupation: school. 
Disability; 6^f weeks. 



Case IS 

H. W., aged 18 years. 

[Radius: simple 
j transverse. 

P j U 1 n a : simple 
[ transverse. 
Result; good anatomical, 
good functional. 
Occupation; school. 
Disabilitj': 7 weeks. 



Cass 19 



After 


Case 19 

J. B., aged 11 years. 

[ Radius : simple 
rp „ J transverse, 

LJTe I u ] ,1 a ; s i m j)l e 
[ transverse. 
Result: good anatomical, 
good functional. 
Occupation; school. 
Disabilitj": 5 weeks. 
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FIG. 5-B 

Fr.\ctures of the Radius axd Ulna, Lower Third (Displaced). 
Tracings from roentgenograms. Results with periods of disability. 


Case 20 
S. N., aged 11 years. 


Type 


[Radius: simple 
1 transverse. 

I Ulna : simple 
( transverse. 
Result: good anatomical, 
good functional. 
Occupation: school. 
Disability: 5 weeks. 



Case 20 



After 


Case 21 

H. K., aged 67 years. 

( Radius: simple, 
comminuted. 
Ulna: simple 
comminuted. 

Complications: fracture of 
head of humerus, same 
side. 

Result: poor anatomical, 
poor functional. 
Occupation: laborer. 
Disability : permanent par- 
tial disability. 

Failed to return for treat- 
ment. 


Case 22 

J. S., aged 18 years. 

( Radius: simple 
transverse. 
Ulna: simple 
transverse. 

Result: good anatomical, 
good functional. 
Occupation : school. 
Disability: 14 weeks. 





Case 23 

J. Z., a^d 10 years. 

[Radius: simple 
1 transverse. 
jUlna: simple 
transverse, 
good anatomical, 
good functional. 
Occupation: school. 
Disability: 5 weeks. 


Type - 


Result : 




Before 


Case 23 



.\ffer 
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FIG. G-A 


FnACTuuBs or tiik Radius and Ulna, Middle Tiiihd (Displaced). 
Tracings from roentgenograms. Results with periods of disability. 




After 

Case 24 



Case 24 

F. V., aged 18 years. 

(Radius; trans- 

TypH Ulnaf compound, 
( comminuted. 
Result: good anatomical, 
good functional. 
Occupation: school. 
Disability; 8 weeks. 




Case 25 


Case 25 

L. H., aged 36 j^ears. 

'Radius: simple 
transverse, dis- 
, placed. 

! Ulna ; simple, 
comminuted, 
^ displaced. 
Result: good anatomical, 
good functional. 
Occupation; nurse. 
Disability: 20 weeks. 


Type 





Type 

Open 


Case 26 

E. E., aged 32 years. 

(Radius: simple 
oblique. 

Ulna: simple, 
comminuted. 

, reduction of both 

bones, with silver wire 
to radius. 

Complications: fractured 
skull, and fractured 
jaw. 

Result: good anatomical, 
good functional. 

Occupation : machinist. 

Disability: 12 weeks. 
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FIG. 6-B 


Fractures of the R.^dius akd UiiNA, Middle Third (Displaced). 
Tracings from roentgenograms. Results with periods of disability. 


Case 27 

V. H., aged 15 years. 

( Radius: simple 
oblique. 

Ulna : simple 
oblique. 

Complications: fracture of 
left femur, fragilitis os- 
sium. 

Result: moderate anatom- 
ical, good functional. 
Occupation; school. 
Disabiiit}’: 19 weeks. 




Before 


Case 27 



Case 28 

G. M., aged 7 years. 

( Radius: simple 
transverse. 
Ulna; simple 
transverse. 

Result; good anatomical, 
good functional. 
Occupation; school. 
Disability; 8 weeks. 



Case 28 



After 


Case 29 

R. K., aged 8 years, 

( Radius ; simple, 
greenstick with 
angulation. 
Ulna :simple. 

greenstick with 
^ angulation. 
Result: good anatomical, 
good functional. 
Occupation: school. 
Disability; 7 weeks. 


Type 




Before 


Case 29 
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terior dislocation of the head of the radius. It is interesting to note that 
the entire group were free from serious complicating injuries. Good 
anatomical and good functional results were obtained in all cases and all 
had good union. 

In the transverse and oblique fractures in this group (six cases), the 
average disability was over seven weeks, the shortest period being 
four weeks, while the longest, in the case of a laborer, was fourteen 
weeks. 

The average disability for fracture of the coronoid process (six cases) 
was five and two-thirds weeks. The shortest period of disability for this 
type was three weeks; the longest, in a laborer before he could return 
to work, eleven and three-sevenths weeks. 

Immobilization was in plaster. The fractures of the coronoid proc- 
ess were treated in acute flexion. 

FRACTURE OF THE OLECRANON 

111 this group there were sixteen cases, or 3.8 per cent, of the entire 
series. Thirteen occurred in males, while three were in females. The 
right side was involved five times; the left, eleven times. The simple 
transverse type of fracture predominated, being present in eleven cases; 
followed by the simple comminuted, in two cases; and the simple oblique 
and compound comminuted in one case each. Eight cases occurred be- 
tween the ages of twenty and forty 3 '-ears, while only four occurred before 
the age of twenty. Six cases presented serious complicating injuries. 
Fractures of the head of the radius were present in two cases. A frac- 
tured coronoid process, with a posterior dislocation of the elbow, com- 
plicated another. The humerus was broken in one case, while another 
had an injury of the brachial plexus. In eight cases the fragments were 
displaced and in eight there was no displacement. In seven cases the 
fragments were sutured with kangaroo tendon. One case which was 
classified as displaced referred to an accompanying posterior dislocation of 
the elbow rather than a displacement of the fragments of the olecranon. 

Fractures in this region gave uniformly good l esults. Fractures of the 
non-displaced type were treated by immobilization in plaster, with the el- 
bow at 90 degrees, and early motion; while in the displaced t 3 'pcs the frag- 
ments were sutured. In one operative case the kangaroo-tendon knot 
failed to absorb and had to be removed a year and one-half later through 
a small incision. 

Good anatomical and good functional results were obtained in all but 
two cases. In both of these, union with good position was obtained; the 
functional impairment was due in one instance to fracture of the head of 
the radius, which was resected, with a resulting limitation in extension of 
15 to 20 degrees. In the other instance a brachial-plexus injuiy resulted 
in a loss of function of the muscles of the elbow. 

DisabiUfzes: The average disability in the cases with no displacement 
was five and one-seventh weeks; in those in which the fragments were dis- 
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placed and sutured the period of disability was seven and one-seventh 
weeks. 

FRACTURES OF LOWER THIRD OF RADIUS AND ULNA (fIGS. 5-A AND 5-b) 

There were thirty-nine cases in this group, constituting 9.4 per cent, of 
the entue series. Thu-ty-two occurred in males and seven m females. Thir- 
ty-one, or 79 per cent, of this group occurred before the age of twenty j’^ears 
(school age). The right side was fractured twenty-four times; the left, 
fifteen. The trans\"ei‘se type again predominated, being present in twent}’’- 
seven radii and twenty-eight ulnae. Next in order of frequency was the 
simple oblique fracture, occurring in four radii and three ulnae. In three 
cases there were greenstick fractures of both bones. Onlj'^ one case pre- 
sented a serious complication which lengthened disabilitju It is interest- 
ing to note that the fragments were displaced in thirty-four cases and 
required manipulative reduction. General anaesthesia was administered 
in thirty-three cases, and one with angulation was reduced without 
anaesthesia. Two cases required a second reduction. 

Ordinarily reductions are not difficult, but occasionally one encoun- 
ters difficulty in retaining the fragments in position. This is especially 
true in the oblique and comminuted tj’^pes of fractures. In twenty cases 
plaster was used for immobiUzation, while in nineteen coaptation splints 
were used. When the latter were used, the elbow was immobilized with 
either a right-angle aluminum splint or a posterior plaster elbow splint. 

Open reductions were necessary in five cases; in four of these the 
operation was on the radius; in one, on the ulna. The tj^pes of fractures 
requiring operations were two oblique, two transverse, and one com- 
minuted. Silver wire was used as fixation material in one; the fragments 
were wrapped with fascia in another; kangaroo tendon was used in two; 
and one was treated bj^ open reduction without fixation material. Four 
of the cases operated upon were below the age of twenty years. 

Restills: 

(а) Good anatomical, good functional in tliirtj^-five cases. 

(б) Moderate anatomical, good functional, one case. 

(c) Moderate anatomical, moderate functional, one case. 

(cf) Bad anatomical, moderate functional, one case. 

(c) Bad anatomical, bad functional, one case. 

The result in the case designated b was veiy slight bowing. In the 
case marked c there was delayed union, arthritic tendencies, and incom- 
plete restoration of function in the fingers. The impairment in the case 
d was angulation with interference of pronation and supination; and in c a 
marked deformit 5 % the result of patient’s negligence and a complicating 
fracture of the humerus (Fig. 5-B, Case 21). 

Disahililics: The average period of disability in the cases operated 
upon was over ten weeks. The average disability of patients below the 
age of twentj* years, excluding those in whom open reductions wore done, 
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FIG. 7-A 

Fuactuhes of the Head of the Radius. 

Tracings from roentgenograms. Results with periods of disability. 



not displaced. 

Occupation : machine oper- 
ator. 

Result; normal function. 
Period of disability: 3^^ 
weeks. 



Mrs. F. W., aged 48 years. 

Diagnosis: longitudinal chip 
fracture, right, not dis- 
placed. 

Occupation: housework. 

Result: normal except limita- 
tion in extension of 10 
degrees. 

Period of disabilit}": 6^f 
weeks. 



Case 32 

L. W., aged 37 years. 

Diagnosis : longitudinal 
fracture (not dis- 
placed), right, with 
lateral dislocation of 
elbow. 

Occupation: farmer. 

Result: normal except 
limitation in exten- 
sion of 15 degrees. 

Period of disability: 8 
weeks. 



Case 33 


Case 34 



Case 35 


Miss A. M., aged 25 
years. 

Diagnosis : chip of head 
of right radius, not 
displaced. 

Occupation: nui-se. 

Result: normal. 

Period of disability; 8 
weeks. 


W. A. J., aged 21 years. 
Diagnosis: oblique fracture of 
head, left, without gross 
displacement. 

Occupation: fisherman. 
Result: normal. 

Period of disability: 10 weeks. 


Case 36 


Miss B. H., aged 26 years. 

Diagnosis: tearing fracture of 
the head of the right radius, 
involving the elbow joint, 
no displacement. 

Occupation: stenographer. 

Result: normal, except 5 
degrees limitation in ex- 
treme extension. 

Period of disability: 5 weeks. 



A. D., aged 35 years. 

Diagnosis: comminuted frac- 
ture head of radius, no 
displacement. 

Treated conservatively. 

Occupation: electrician. 

Result: normal, e.\cept limi- 
tation in extension of 10 to 
15 degrees. 

Period of disabiliti^: 131-4 
weeks. 



Case 36 


Case 37 


Case 37 


Miss J. M., aged 32 years. Diagnosis; fracture^f head, slight displacement. Occupa- 
tion: beauty parlor operator. Complications: compound fractures of both patellae. 
Result; normal, except limitation in extension of 10 degrees. Period of disability; 
0 months, due mostly to patellar injuries. 
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FIG. 7-B 


Fractures of the Head of the Radius. 

Tracings from roentgenograms. Results with periods of disabiliti'. 



Case 38 

Mrs. B. F., aged 33 years. 

Diagnosis: comminuted frac- 
ture of head of right radius, 
slight displacement. 

Treated by closed method. 

Occupation: nurse. 

Complications: fracture head 
of left radius. (See Case 
43.) 

Result: limitation in exten- 
sion of 20 degrees with 
crepitus over the head of 
the radius in pronation and 
supination. 

Period of disability: 8 weeks. 



Case 39 

J. K. C., aged 29 years. 

Diagnosis: transverse frac- 
ture of head of left radius, 
not displaced. 

Occupation: insiuance sales- 
man. 

Result: normal. 

Period of disability: 7f‘j 
weeks. 



Case 40 

Miss R. P., aged 32 
years. 

Diagnosis: comminuted 
fracture of head of 
right radius, dis- 
placed. 

Resected early. 

Occupation: house- 
work. 

Result: normal except 
limitation in exten- 
sion of 15 degrees. 

Period of disability: 10 
weeks. 





Case 43 


A. B., aged 42 years. 

Diagnosis: comminuted frac- 
ture of head of right radius, 
displaced. 

Resection of head, late. 

Occupation : laborer. 

Complications: lung embol- 
ism. 

Result: bad, — pain, extension 
limited by 15 degrees, fle.\-ion 
to 90 degrees. Marked 
impairment in pronation 
and supination. 

Compensation case, nith 
tendency to exaggerate. 

Period of dis.ability: 17 J 7 
weeks. 


M. S., aged 43 years. 

Diagnosis: comminuted frac- 
ture of head of left radius 
with marked displacement. 
Shaft of radius dislocated 
backward with fracture of 
lower end of humerus. 

Resection at 3 weeks. 

Occupation : furnace work. 

Result: e.xtension to 135 
degrees; fle.xion to 55 de- 
grees. 

Pronation and supination 50 
per cent. No pain. 

Period of disability: 16 weeks 
from lieaN-y duty. 


Mrs. B. F., aged 33 
years. 

Diagnosis :comminuted 
fracture of head of 
left radius, dis- 
placed. 

Resection. 

Compheation: fracture 
of head of right 
radius. (Sec Case 3S.) 

Occupation; nurse, 
housework. 

Result : normal, e.x- 
cept slight limitation 
in c-xtension of 10 
degrees. 

Period of disabilitj’." S 
weeks. 
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was over six weeks. The average disability of those below the age of 
twenty years, including the operative cases below that age, was seven 
weeks. The average disability of those above the age of twenty years 
(working class) was twelve weeks. 

In all cases firm bony union was obtained, though in five cases union 
was not secured for over ten weeks. In two of these cases open reduction 
was necessary. 

FRACTURES OF MIDDLE THIRD OP RADIUS AND ULNA (piGS. 0-A AND 6-B) 

This group comprised twenty-two cases, or 5.3 per cent, of the entire 
series. Eleven fractures occurred before the age of twent'yy':the cases 
were equally divided as to sex. The right arm was broken fourteen times; 
the left, eight times. Fifteen fractures were displaced and required reduc- 
tion. Again the simple transverse type was the most frequent, occurring 
in twelve radii and in ten ulnae. The type next in frequency was the sim- 
ple oblique fracture, occurring in five radii and in five ulnae; then the 
compound comminuted, in two radii and two ulnae; then the greenstick, 
in two radii and two ulnae. 

Reductions become increasingly difficult. in fractures of both bones as 
one ascends the forearm. This also applies to retention of the fragments 
in the corrected position. 

In twelve cases coaptation splints were used, often in conjunction 
with interosseous pads, the elbows being immobilized in the manner pre- 
viously described. In ten cases circular plaster casts were used. In the 
early cases of fractures of both bones of the forearm, the author used the 
position of extreme supination in order to preserve the interosseous space. 
This position has been discarded in favor of a position mid-way between 
pronation and supination, as the return of function is more easily accom- 
plished from this position than from that of extreme supination. 

No cases of radio-ulnar synostosis occurred in the series. In two 
cases open reductions were necessary. In one of these cases two opera- 
tions were performed, the second being a step-cut operation shortening 
both bones. After three years, although the fragments are still in good 
position, no union has occurred in this case and the ends of the fragments 
are eburnated. This case was classed as a poor anatomical and poor 
functional result. It is necessary for the patient to wear a leather cuff 
continuously. In one other case a debridement was perfoimed, followed 
by traction of the banjo type. In another case, with a small compound 
wound of the radius, malignant oedema supervened and an amputation 
was necessary. Union occurred in all cases with the exception of the one 
that was operated on twice. 

Results in nineteen cases: 

(a) Good anatomical and good functional, eleven cases. 

(b) Moderate anatomical and good functional, four cases. 

(c) Good anatomical and moderate functional, one case. 
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(d) Bad anatomical and good functional, one case. 

(e) Bad anatomical and bad functional, two cases. 

In re\dewing the cases of the group h it was found that displacement was 
verj*^ slight and did not interfere ndth function. In the case classed as c, 
although a good anatomical result was obtained, there was slight impair- 
ment in function from prolonged immobilization. This was not sufficient 
to interfere with the patient’s emplojonent as operator of an oil still. In 
the case marked d, a boy of two years, the poor anatomical result was 
caused by angulation. He obtained a good functional result. In the 
group e onfe.case already described had non-union of both bones, and the 
other a pdpr position of the fragments. 

Disahiliiies: In nine cases below the age of twenty, the average dis- 
abihty was over five weeks. In eight cases above the age of twenty the 
average was over fifteen weeks. Union was delayed, in six cases, over 
fourteen weeks. In two of these, although the position was good, the 
delay was fourteen and sixteen weeks; in one with angulation, it was 
twenty weeks. In another, complicated with fragility of the bones, union 
occurred in nineteen weeks (Fig. 6-B, Case 27); and in two, one a com- 
pound oblique and another a simple comminuted, it occurred in twent 3 ’- 
weeks. 

FRACTURE OF UPPER THIRD OF RADIUS AND ULNA (FOUR CASES) 

Unfortunately this group is not large enough for conclusions. All of 
these fractures occurred in males. The left forearm was broken three 
times; the right, once. Three cases had displacement and required reduc- 
tion. Two had serious complications. One of these had a fracture of the 
head of the radius, with considerable loss of the soft parts about the elbow, 
injury to the median nerve, and a fracture of the lower end of the hu- 
merus. The other had a fracture of the head of the radius and also a frac- 
ture of the olecranon in which the fragments were displaced. In this case 
the head of the radius was resected and the olecranon sutured. Although 
a moderate anatomical result was obtained, there was considerable limita- 
tion in elbow motion. In all fractures of this group there was firm boii}’ 
union. 

DisabilUies: In two cases before the age of twentj' j'ears, both un- 
complicated, the average time lost was over six weeks. In two above the 
age of twentj-^ j’cars, both severelj’ complicated, the average time lost was 
over fifteen weeks. 


GENERAL CONSIDERATION 

Union can be expected in most fractures of the forearm, providing the 
fragments arc in good position and proper after-treatment is used. In 
three instances, or 0.7 per cent, of this series of 415 fractures, union was 
not obtained. One of these was a fracture of the lower end of the radius 
in a luetic, previouslj' operated upon, which became infected following the 
second operation. Another was a fracture of both radius and ulna in the 
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middle thiid, the fracture of the radius was compounded^ was twice oper- 
ated upon, each time resulting in an eburnation of the fragment ends. 
The final result was failure, although the fragments remained in fair 
position. 

Thirty-eight cases, or 9 per cent, of the total number, were treated by 
open reduction. Fifteen of these operations were resections of the head 
of the radius. The remaining twenty-three, or 5 per cent, of the total, 
were operated upon for the purpose of improving the position of the frag- 
ments or to stimulate union. All became firmly united, except in the 
three instances ali'eady desciibed. The percentage of success in operative 
cases was 87 per cent. 

Unlike fractures of the humerus, those of the forearm are not as often 
accompanied by injuiies to the nerves. In this group only one case of 
nerve injury was encountered. This was in a fracture of both radius and 
ulna in the upper third, with injury to the median nerve, due to extensive 
loss of the soft parts on the anterior portion of the forearm just below the 
elbow. 

Injury to the median nerve, as the result of a Colles’ fracture or as 
the result of using the flexed position of the wrist to retain reduction, was 
not encountered. There were no cases of Volkmann’s ischaemic con- 
tracture. 

CONCLUSION 

A review of the results of 415 fractures of the forearm has been pre- 
sented. The cases were consecutive and give a fair picture of what may 
be encountered in such a series. Many interesting facts have been re- 
vealed, namely: 

In most instances these fractures heal well, without residual physical 
disabilities, and the patients can return to their former occupations. The 
time lost varies with the location and nature of the fracture, complica- 
tions, and the occupation and age of the patient. In children the healing 
is much more rapid than in adults. 

The longest periods of disability have been in fractures of both bones 
in the middle, upper, and lower thirds, the middle third of the radius and 
the middle third of the ulna, and in late resections of the head of the ra- 
dius. On account of the frequency of serious complicating injuries (19.4 
per cent, of all cases in this series) due consideration must be given to them. 
Although operative interference was necessary only in the more severe 
cases, good results and good union were secured in 87 per cent, of the cases. 

The length of time required in securing union in the cases operated 
upon was generally longer than in those treated by the closed method. 

Fractures in the lower third of the forearm, comprising 66.7 per cent, 
of the total number in this series, heal rapidly and yield good results. This 
is especially true in the Colies’ area, with the exception of the comminuted 
fracture which occasionally is still a real problem. 

Fractures in the middle third of the forearm, 14.7 per cent, of the 
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total number, present more of a problem, as indicated by poorer resrdts 
and longer periods of disability. These probablj’’ can be improved by 
better reductions and after-treatment. 

Fractures in the upper third of the forearm, comprising 18.5 per cent, 
of the total number, are chiefly those of the olecranon and the head of the 
radius. 

Displaced olecranon fractures are surgical problems and give excellent 
results. 

In non-displaced fractures of the head of the radius, good results are 
obtained with conservative treatment. In displaced fractures in this lo- 
cation, earty resections give the best results. 


Qoogfs fiellg 

D, n. D, Eeiicc! C2liss9 


33o5j ' 
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THE END RESULTS OF THE FRACTURED DISTAL 
radial EPIPHYSIS 

B1 ALEXANDER P. AITKEN, M.D., BOSTON, MASSACHUSETTS 

Tlicre liave been but few reports in the literature on the end results 
of the separated distal radial epiphysis. Such reports as have been pub- 
lished are conflicting. Some writers state that a rather Jiigh j^ercentage 
of these injuries end in deformity which is due to malposition of the dis- 
placed epiph3^sis, to retardation of growth, and to premature ossification 
of the epiphysis. It occurred to the autlior, udiile working in the Out- 
Patient Department of the Boston City Hospital, that he had not seen a 
single case of deformity following such an injury, although several hun- 
dred epiphyseal separations had been treated. Consequently, sixty 
patients have been examined and x-rayed, in whom the duration of the 
injury ranged from two to nine years. According to the literature, the 
deformity is usually apparent in from six months to one and one-half 
years, and becomes progressively worse. Thus the autlior has taken two 
years as the lower limit, feeling that the greater the length of time from 
the date of injury the more marked the deformity is apt to be. 

In this series there were eight female patients and fifty male patients. 
The female patients varied in age from nine to sixteen years and the male 
patients from four to eighteen years. There were two cases in which the 
injury was bilateral. One was reverse in type, — i. e., anterior displace- 
ment, with a chip off the antei'ior lip of the radial diaphysis. TJie pos- 
terior edge of the diaphysis was fractured in twenty-six cases, the ulnar 
styloid process in nineteen cases, and in twelve cases both these struc- 
tures were fractured. In two cases the ulnar epiphysis also was dis- 
placed dorsally. There were seventeen cases in which manipulation 
was not attempted, the original position being considered satisfactory. 
At least one attempt at reduction was made in twenty-eight cases. In 
seven cases there were two attempts, Avhile in four cases three attempts 
were made. There were also four osteotomies. 

As this is the epiphysis from which the radius derives its main growth 
in length, we have been taught that accurate reduction of any displace- 
ment is essential; otherwise groAvth in the line of displacement would oc- 
cur. Let us now consider what effect malposition has upon the ultimate 
alignment of the radius. In this series of cases, at the time when the 
patients were discharged from the hospital, the findings were as follows: 
normal to good position, twenty-six cases; slight displacement, tAventy 
cases; fair to poor position, fourteen cases. If our teachings have been 
correct, we have then thirty-four cases in which we might expect some de- 
gree of deformity and this should be in direct proportion to the amount of 
displacement on discharge. However, in not one of these cases has there 
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Fig. 1-A 


C. B., aged 13. Bilateral displacement. Position on discharge: left — after one 
manipulation; right — after two manipulations and osteotomj- (through epiphj’seal 
line). All attempts to hold position failed. The cock-up splint was applied only 
temporarily. Note marked displacement of epiphysis, also marked amount of callus 
on dorsum of radius, extending up to the epiphysis. 



Fig. 1-B 


X-rays taken four years later. Note absence of any deformity. Tliere was 
a]>parently no disturhanee of growth on the right, althougli an osteotomv w.as 
(lerfornied ilirectly through the growing cartilage. 
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bcGu SGcn tiiiy foiiii of doforniity wliatsocvci’, even in those cases in which 
tlic final clisplacGjnent amounted to ono-qiiarter to one-half of the thick- 
ness of tile shaft. It is not definitely known how nature accomplishes 
this reduction. The evidence offered in Figures 1-A and 1-B seems to 
indicate that it is done by absorption of the 'smlar portion of the shaft and' 
the production of callus on the dorsum of the radius. The shaft is thus 
brought up into its normal relationship with the epiphysis. While this 
correction is in progress the normal volar bowing of the distal radius also 
becomes reestablished. In a fcAv cases the lateral view shows some thick- 
ening of the entire loAver end of the I’adius, varying from one-sixteenth to 
one-eighth of an inch. This, however, is the only evidence of injury that 
remains. These findings make one wonder whether the patient should be 
subjected to repeated manipulations, if, after one attempt, a fair degree 
of apposition is obtained. It also brings up the question as to whether 
an osteotomy is ever justifiable. It is the author’s belief that it is not 
justifiable. 

As to premature ossification and i-etardation of growth, there is no 
doubt that these phenomena do occur quite frequently. However, the 
difference in time of ossification between the radius and ulna of the same 
side or between the two radii is so slight that the amount of shortening 
must be measured in sixteenths of an inch. In onlj'' one case in this series 
has any radial shortening been detected clinically (Fig. 4). The ^ratient, 
did not notice it until it was called to his attention. He is a boy eleven 
years of age and it is now three and one-half years since his injury. 
His arm shows three-eighths of an inch of shoi’tening. He lias, howeA’’er, 
about four to five years of normal growth ahead of him, so that if this 
defoi-mity is progressive he may eventually develop some radial deviation 
of the hand. The interesting feature of this case is that the original 
displacement -ivas slight and it required but one manipulation to correct 
it. Of the other cases, there were twelve in which there Avas retardation 
of growth, the maximum shortening being from three-sixteenths to five- 
sixteenths of an inch. In practically all of these cases ossification is now 
complete and clinically the condition is normal. 

Still another interesting obseiwation in regard to disturbance in 
growth is the fact that in four cases the i-adius on the injured side was 
actually longer than that on the uninjured side. In three cases this 
lengthening amounted to one-eighth of an inch, in the fourth to one-quar- 
ter of an inch. This increase in length is probably due to irritation of the 
epiphysis. This, plus the hyperaemia Avhich occui’S in all injuries, 
probably stimulates the epiphj^sis to more active growth. 

Another question Avhich has been brought up is whether or not re- 
peated manipulations add to the damage done to the epiph 3 '-sis. Of the 
four cases in AAdiich there Avere three manipulations, there is one-sixteenth 
of an inch of shortening in one case. Of the seven cases in AA'hich there 
were tA\'o manipulations, there is shortening in three cases of one-sixteenth, 
two-sixteenths, and hve-sixteenths of an inch, respectively. In the 
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latter case, as previous^ stated, 
ossification is nearly complete. Of 
the tii-entj^-eight cases in which 
there was but one manipulation, 
there is shortening of from one- 
sixteenth to three-sixteenths of 
an inch in three cases. Of the 
seventeen cases in which manipu- 
lation was not attempted, there is 
shortening in four of from one- 
sixteenth to three-sixteenths of an 
inch. In one case, in which an 
osteotomj’^ was performed du’ectlj' 
through the epiphyseal line, there 
was no shortening. From this it 
can be seen that the occurrence of 
retardation of growth is as com- 
mon in those cases in which there 
was no manipulation as it is in 
those in which one or more at- 
tempts at reduction were made. 

Manipulation, therefore, adds lit- 
tle, if any, trauma to the damaged 
epiphysis. Whatever damage is 
done occurs at the time of the in j ury . 

The behavior of the concomi- 
tant fracture of the ulnar styloid 
process is also intei’esting. In all 

there were nineteen cases of this 
. , -r . i 1 • 7 -Anteroposterior view taken five years 

fracture. In two cases no stjdoid later. Note non-union and marked lu’per- 

process whatsoever appears. In trophy of the fractured ulnar styloid 

one case there is solid union to the P™ceM. 

shaft; in this case there was originallj' no displacement. In the remain- 
ing sixteen cases there was definite displacement of the fragment and 
recent x-rays show definite non-union in all of them. The detached 
stjdoid process becomes covered with cortical bone and assumes a more 
or less spherical shape. Rarelj^ this fragment hj'pcrtrophies to such an 
extent that it blocks ulnar deviation of the hand and causes pain. In the 
entire series onlj' three patients complained of anj* pain following their 
injuries; in all three cases the pain was over the ulnar stjdoid process and 
non-union and marked enlargement of the fragment were present. 

-Although we have had no cases of marked deformitj- in our scries, 
several cases have been reported in the literature. These reports, how- 
ever, lead one to believe that deformitj’ is common following injurj" to the 
radial epiphj*sis. When we consider that this is one of the commonest 
injuries of childhood, the few deformities seen lead us to believe that onlj- 
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Fig. 4 


C. S., aged S. Displacement of radial epiplij^sis three yeai's previously. One 
manipulation was done. Now has three-eighths of an inch of shortening. Note 
V-shaped ej3iph3'sis. Retardation of gz’owth is apparentlj’’ occurring at tlie apex 
of the V, causing this portion of the epiphysis to drag behind. Note also the non- 
union of the fractured ulnar stjdoid process. Clinicallj^, only a slight prominence 
of the distal ulna is discernible. 


a vezy small percentage of the total radial epiphyseal injuries actually end 
in deformity. These poor end results are due, we believe, to severe 
crushing trauma received at the time of injury. 

SUMMARY 

1. Malposition does not persist. Within a maximum period of 
two to three years, the epiphysis has again assumed its normal relation- 
ship to the shaft. This fact obviates the necessity of repeated manipu- 
lation in order to obtain accurate reduction. It also eliminates the use of 
osteotomy for open reduction. 

2. Premature ossification and retardation of growth occur fre- 
quently, but in the large percentage of cases are clinically negligible. 
There will always be the isolated case which will show definite interfer- 
ence of growth with deformity. This is due to damage done at the 
time of injury. 

3. Ossification of the i-adial epiphysis apparently starts in the ulnar 
half of the epiphysis. 

4. Eepeated manipulation adds little, if any, to the trauma done 
to the ejuphysis. 
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kOnig'S operation in the treatment of 

CONGENITAL DISLOCATION OF THE HIP 

BY DR. G. J. EPSTEIN AND DR. N. S. EPSTEIN, LENINGRAD, U. S. S. R. 

From the State Institute of Traumatology and Orthopaedic Surgery, 

Leningrad, F. I. Mashanshy, M.D., Director 

The authors dedicate tliis article to the honored memorj’ of Prof, R. R. Vreden, 
the founder of Russian Orthopaedic Surgerj'. 

It is beyond doubt that manipulative reduction is a most effective 
method in treating congenital dislocation of the hip, but it is quite evident 
that the employment of this type of reduction in all cases of congenital 
dislocation at an age most favorable for the success of the treatment is not 
possible. At the same time, in view of the dangers involved in the use of 
the radical reduction by incision in cases of resistant dislocation, it is easj' 
to understand the keen interest shown in palhative methods of surgical 
treatment which have been described in a number of foreign and Russian 
papers. 

Of these various methods, the following have been used in the Clinic 
of the late Prof. Vreden: (1) Konig's operation; (2) the v. Baeyer-Lorenz- 
Schanz operation; (3) the Veau-Lamy operation; and (4) arthroereisis of 
the hip joint after the method of Vreden. 

This paper is limited to the description of Konig’s operation.* In 
applying this procedure to dislocations of the hip, we do not, of course, 
expect to effect a radical cure. Our object is to do awaj' with the piie- 
nomena invariably observed in this condition, among which Trendelen- 
burg s symptom is the most promment. The cause of this phenomenon 
is still under discussion. 

We arc led to conclude that the positive Trendelenburg s 3 Tnptom is 
due to the presence of two factors: the absence of normal muscular tonus — 
the insufficiencj’^ of the gluteus medius and the gluteus minimus; and 
the absence of a support against which the abnormallj' situated femoral 
head might rest. 

It should be remembered, however, that, even if onlj' one of the two 
components are present, the Trendelenburg sj'mptom is alwaj's vory 
pronounced. Thus, in cases in which the function of the gluteus medius 
and the gluteus minimus alone are disturbed — coxa vara, isolated parah-- 
sis of the gluteus medius and the gluteus minimus, dislocation of tlie hij) 
in which the femoral head is fixed — the Trendelenburg sj'mptom is alwaj's 
positive. 

* The method has been used and modified by a number of surcconf : Ilu'=^enbauer, 
.Schenljorn, Kraske, Dickson, Gill and Wallace, I'erf'u.^on, .\lbcc, Ellis Jones. FairbanV:, 
Clarke, Delangeniere, Iaticc, Mauclair, Dujaricr and Hallopeau. 
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At piesent, we pei’fomi Konig’s operation according to the following 
method : 

As suggested by Prof. Vreden, the incision begins at the crest of the 
iliac bone and runs parallel to it, but at a somewhat lower level, until it 
leaches the anterosuperior spine, whence it is directed at an angle back- 
waid and downward, extending to about six centimeters below the apex 
of the greater trochanter. The attachment of the gluteus medius is 
dissected periosteally from the iliac bone through the archlike upper in- 
cision, while the anterior oblique incision serves to separate the anterior 
edge of the muscle from the muscles which are attached to the antero- 
superior spine. 

The entire cutaneous and muscular flap, together with the vessels' 
and nerves, is turned down and backward, thus exposing the external 
lateral surface of the iliac bone from which is to be made the osteoperio- 
steal flap. This flap is cut in the shape of a fan by splitting the iliac bone 
into two separate layers by a cautious downward motion of the chisel. 
The flap is then gradually turned down by an oscillating movement. In 
pathological and pronounced congenital dislocations, the flap is not 
brought as far down as in paralytic dislocations in which the femoral head 
is readily slipped into the acetabulum. The flap, which is like a vizor in 
shape and is about six to seven centimeters in width in its broadest part 
at the top and somewhat narrower at the bottom, is fixed to the articular 
capsule by two or three catgut sutures along its free end. The muscular 
flap is then drawn over the vizor and sutured to the crest of the iliac bone 
and to the oblique muscles of the abdomen. Thus, after having been 
drawn over the osteoperiosteal ledge, the flap is brought back to its former 
position and sutured. During this procedure, the tension of the gluteal 
muscles is altered, for the points of their origin and those of their inser- 
tion are drawn further apart, a fact which contributes toward increasing 
their tonus during the postoperative treatment by massage and electriza- 
tion and creates more favorable conditions for their functioning. 

Thus, the operation deals with both the factors to which the develop- 
ment of Trendelenburg’s symptom is attributed. 

It should be noted that in cases in which the ledge is not brought into 
sufficiently close contact with the femoral head — when there is a definite 
gap between the ledge and the upper end of the dislocated femur Tren- 
delenburg’s symptom does not completely disappear after the operation, 
even if the ledge is sufficiently marked. This is easily understood if we 
take into consideration the fact that Kbnig’s operation is used in cases 
where the mobility of the femur along its axis is pronounced. Conse- 
quently, if the ledge proves to be situated at a certain distance from the 
femoral head after the operation, the femur must shift upward the dis- 
tance which separates it from the ledge before it finds a purchase, which 
affects the patient’s gait and results in his walking with a limp. In cases 
in which the ledge has not been drawn backward sufficiently, the femoral 
head maj^ easily slip from under it even when the thigh is but slightly 
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flexed. Finally, it should be borne in mind that, in cases in which the 
shortening of the limb is considerable (over four or five centimeters), the 
tonus of the gluteal muscles is so far decreased, owing to the bringing into 
close proximity of the points of their origin and insertion, that it cannot be 
completely restored after the operation. 

These considerations should all be taken into account before Kbnig’s 
operation is employed. 

Konig first suggested his method of operative treatment in 1891. 
He, himself, used this method only in the cases of two children, both of 
whom died of scarlet fever and diphtheria soon after the operation. 

The total number of cases in which we have employed the procedure 
described is sixty-two; there were fifty women and twelve men. Of these, 
thirty-eight patients were operated upon in Prof. Vreden’s Clinic at the 
Traumatologic Institute; the other twenty-four were operated upon at 
the Karl Marx Hospital, the Orthopaedic Department of the Institute for 
the Protection of Maternity and Infancy, and the Metchnikov Hospital. 

The cases may be grouped according to age as follows : 


Age Period No. of Cases 

Under S years 7 

From 5 to 10 years 11 

From 10 to 15 years 12 

From 16 to 20 years 14 

From 20 to 25 years 8 

From 25 to 30 years . . 3 

From 30 to 35 years 1 

Total 56 * 


* In six cases the exact age could not be determined. 
According to etiology, these cases may be classified as follows; 


Type of Dislocation No. of Cases 

Pronounced congenital . . 35 

Pathological .20 

Paralytic . . 6 

Pronounced traumatic . . . . 1 

Total 62 


The following case reports show the results of this procedure as ap- 
plied to the various types of dislocations. 

PRONOUNCED CONGENIT.A.L DISLOCATIONS 

P.\TiEXT S., a girl, aged ten years. Examination disclosed a congenital dislocation 
of the left hip, very pronounced Trendelenburg sjTnptom, and mobility of the femur 
along its axis. 

After an attempt at reduction by manipuLation had failed, Konig’s operation was 
performed by Prof. ITeden on December 14, 1932. 
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Four montlis later, the roentgenogram showed a distinct ledge over the head of the 
femur. 

Patient I., a girl, aged twenty years, was admitted to the Institute suffering from a 
congenital dislocation of the left hip. When she was eleven years old an attempt j., 
been made in a country hospital to treat her by manipulative reduction. The reposition ' 
was a failure. Several years later resection of the femoral head was done, also at a coun- 
try hospital. 

Upon admission to the Institute, examination revealed shortening of the affected 
limb of ten and five-tenths centimeters, a marked Trendelenburg symptom, and con- 
siderable mobility of the femur along its axis. 

Konig’s operation was performed by Prof. Vreden on March 3, 1932, and the femur 
was brought down two and five-tenths centimeters in the course of the operation. 

A year later, the shortening of the limb was eight centimeters. The patient can 
now walk satisfactorily, but, owing to the considerable shortening of the limb stii! 
present, the complete disappearance of Trendelenburg’s symptom could hardly be ex- 
pected. The roentgenogram reveals a marked ledge over the femoral head. 

Patient P., a boy, aged fourteen years. Examination disclosed a congenital dis- 
location of the right hip, shortening of the limb of six centimeters, pronounced Trendel- 
enburg symptom, and mobility of the femur along its axis. 

Kdnig’s operation was performed by Prof. Vreden on September 23, 1931. 

Nineteen months later there was no mobility of the femur along its axis and a com- 
plete absence of Trendelenburg’s synnptom. The patient was advised to wear an ortho- 
paedic shoe. The roentgenogram (Fig. 1) reveals a well defined ledge. 

Patient K., aged twenty years. E.xamination showed a congenital dislocation of 
the left hip, a marked Trendelenburg symptom, and mobility of the femur along its axis. 

Kdnig’s operation was performed by Prof. Vreden on March 13, 1924. 

Nine years later the patient could walk very well, with no limp whatever. The 
roentgenogram (Fig. 2) reveals a strong ledge over the femoral head. 

At first we believed Kdnig’s operation to be indicated for the majorit}'’ 
of cases of pronounced congenital dislocation, and employed it even in 
cases where the femoral head rested against the lateral surface of the iliac 
bone. At present, however, we use it only in those cases in which the 
mobility of the femur along its axis is manifest, — when the new acetab- 
ulum is absent, luxation is evident, and lordosis is not very apparent. 

PATHOLOGICAD DISLOCATIONS 

Patient P., a male, aged twenty-two, first complained of symptoms at the age of 
eight. Examination revealed fistulae in the region of the right hip, shortening of the 
limb of six centimeters, and mobility of the femur along the axis. 

Konig^s operation was performed on April 13, 1931. The roentgenogram (Fig. 3) 
reveals a well defined ledge over the femoral head. 

A., aged three and one-half years. Examination revealed shortening of 
the right leg of two centimeters and mobility of the femur along its axis. 

Konig’s operation was performed by one of us (G. J. E.) on March 3, 1925. 

Eight years later there could be observed hardly any mobility of the femur along its 
axis and Trendelenburg’s symptom was practically absent. The patient could walk very 
satisfactorily. 

Patient I., a girl, aged seventeen years. She had suffered from inflammation of 
the left hip at the age of fourteen months. Examination disclosed shortening of the left 
limb of five and one-half centimeters, a positive Trendelenburg symptom, and consid- 
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Fig. 3 

Patient P., aged 22 j-^ears. Roentgenogram showing well defined roof over the 
femoral head. 


erable mobility of the femur along its axis. Roentgenograms showed deterioration of 
the femoral head. 

Konig’s operation was performed by one of us (G. J. E.) on April 30, 1925. 

Eight j^ears later, the patient was able to walk very satisfactorily, and tlie roentgeno- 
gram revealed a strong ledge over the femoral head. 

In this type of case, deformation of the femoral head and neck is 
usually observed. During the course of the disease, the old acetabulum 
becomes void and no new acetabulum is formed, owing to the lack of 
constant friction between the dislocated femoral head and the lateral 
surface of the iliac bone^. This is frequently observed in cases of pro- 
nounced congenital dislocation of the hip. 
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From a study of tho roentgenograms, in cases of pathological disloca- 
tion we usually observe excursion of the femur along the lateral surface of 
the iliac bone; the femur often forms a straight line with the remains of 
the neck and head. Under such conditions, it is hardly reasonable to 
exjiect a satisfactory result from such palliative methods of surgical 
treatment as, for instance, the operations of v. Baeyer, Lorenz, or 
Schanz, Even if tlie function of tJie gluteal muscles is improved, the 
object will not be achieved, owing to the absence of a support for the upper 
end of the femur against the iliac bone. In such cases, Konig’s operation 
serves to prevent tho femur from shifting along its axis and also increases 
the tonus of the abductors. Trendelenburg's symptom either completely 
disappears or becomes but slightly noticeable. The use of orthopaedic 
shoes enables the patients to walk very satisfactorily. 

PARALYTIC DISLOCATIONS 

Patient R., aged twenty-seven, had suffered from infantile paral}’^sis since the age 
of three. Examination revealed laxity of the right hip and ankle. An attempt had 
been made to bring the femoral head down and insert it in the acetabulum, but the 
attempt proved to be a failure. 

Kdnig’s operation was performed bj-- Prof. Vreden on February 27, 1933. 

Three months later, the roentgenogram (Pig. 5) showed a very distinct ledge over 
the femoral head. 

Patient B., aged sixteen years. Examination showed laxity of the left hip and 
ankle, and ankylosis of the left knee as the result of a previous operation. 

Konig’s operation was performed by Prof. Vreden in 1924. 

At the end of seven months, the roentgenogram showed a distinct ledge over the 
femoral head. A more recent check-up has not been possible, as the patient is living in 
the countr 3 ^ 

In cases of infantile paralysis in which all of the muscles surrounding 
the joint are involved, we employ Konig’s operation. If the femoral head 
can easily be brought down and placed in the normal acetabulum, the 
operator’s task consists merely in preventing future displacement of the 
head. By forming a vizor — a ledge over the femoral head — a powerful- 
barrier is constructed, which serves to keep the head in place. 

CONCLUSIONS 

1. Konig’s operation is indicated in cases of irreducible dislocation, 
characterized by the absence of lordosis and ^'luxation planne , and pre- 
senting mobility of the femur along its axis, cases in which both of the 
factors causing Trendelenburg’s symptom may be observed. 

2. In cases of pathological dislocation, characterized by complete 
deformation of the femoral head and neck, where other palliative methods 
of surgical treatment can hardly be expected to produce the desired effect, 
Konig’s operation permits the formation of a barrier which prevents the 
femur from shifting along its axis. 

3. In cases of paralytic dislocation in which the femoral head has 
been brought down and placed in tlie acetabulum, the ledge formed by 
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means of Konig's operation serves to keep the femoral head from shifting 
upward. 

4. In cases in which the shortening is veiy considerable (over four 
or five centimeters), owing to the bringing into close proximity of the 
points of origin and insertion of the gluteus medius and the gluteus 
minimus, the resultant loss of tonus can hardlj' be restored after operation; 
hence Trendelenburg’s symptom does not completelj’’ disappear. 

5. The osteoperiosteal ledge should be made as wide as possible, 
so that when it is turned down over the femoral head it is in the closest 
proximity to the upper end of the femur. 

6. If possible, the ledge should be placed somewhat posterior to the 
"dislocated femoral head to prevent the head from slipping out when the 

thigh is flexed. 

7. The use of massage, electrization, and gymnastics in the postop- 
erative period is of great importance in improving the function of the 
gluteal muscles. 

The authors wish to express their gratitude to Dr. N. E. Berg, Dr. F. A. Kop 3 'lov, 
and Dr. T. M. Stepanov for their kind permission to use the material from their Clinics. 
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BY K. I. HABRIS, M.B., F.R.C.S., TORONTO, CANADA 

Associate Surgeon, Toronto General Hospital; Consulting Surgeon, Toronto Hospital 

for Consumptives 

It has been the experience of all who treat tuberculous joints that 
bony anlcj''losis is the most satisfactory result which can be obtained. jSTo 
other result assures equal permanency of cure and freedom from late 
recurrences. It is a singular commentary upon our means of treatment 
that movement must be completely sacrificed in order to stamp out this 
low-grade infection. Nevertheless, it is true that a tuberculous jomt 
wliich has finally become anlcylosed definitely recovers from the infection 
and is in no further danger of future exacerbations of the disease. The 
truth is that our means of treating tuberculosis are limited and only 
feebly effective. In the last analj’-sis, it is the patient himself who masters 
the infection. We have no specific drug, serum, or therapeutic agent, the 
use of which will quickly kill the organisjns. We are restricted to the use 
of those agents which experience has proven of value for the enhancement 
of the patient’s own powers of resistance. Of these only two are of any 
material value, — rest and sunshine. All successful measures for treating, 
tuberculosis are based upon the principle of rest. Artificial pneumo- 
thorax and thoracoplasties for pulmonary tuberculosis, fixation by plaster 
and splints for joint tuberculosis, ileostomy to divert the faecal stream in 
tuberculosis of the colon, spinal fusion for Pott’s disease, and excision of 
the tuberculous knee joint — all are applications of the principle of rest in 
the treatment of this disease. It may be accepted as axiomatic that, of 
all the agents at our disposal for the cure of tuberculosis, rest is the most 
important. The more complete the rest, the greater the likelihood of cure. 

In the evolution of tuberculous joint disease, cure by spontaneous 
bony ankylosis is a rare occurrence. The much more common end result 
is subsidence of the infection, leaving the joint in a state of fibrous anky- 
losis. Such a joint, although it has some useful movement and seems free 
from infection, all too frequently contains latent organisms which can be 
stirred into renewed activity at a later date, often many 3''ears after the 
original infection seems to have subsided. Moreover, the time necessary 
to secure such a conservative cure is very long. The uncertainty of 
permanent cure and the time consumed in conservati^^e treatment of hit^- 
joint disease, contrasted with the better result obtained when spontaneous 
ankylosis occurs, invite the deliberate attempt to secure ankylosis b}^ 
surgical treatment, — namcl}'-, arthrodesis. 

* Presented at the Annual Meeting of the American Orthopaedic Association, Wash- 
ington, Maj' 9, 1933. 
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EXCISION OF THE KNEE JOINT FOR TUBERCULOSIS 

In tuberculosis of the knee, the principle of arthrodesis is commonly 
applied ivith conspicuous success. Excision of the knee for tuberculosis 
provides a rapid and nearlj’^ certain means of cure. Experience with this 
treatment leads inevitably to the conclusion that the sacrifice of movement 
is a price well worth pajdng for the certainty of cure of a tuberculous joint. 
The application of the same principle to tuberculosis of the hip might be 
expected to yield similar results if bony fusion could be obtained with 
certainty. 

ARTHRODESIS OF THE HIP 

Technical Difficulties 

Arthrodesis of the hip joint is beset by certain technical difficulties 
which have hindered the development of a satisfactory technique. The 
simple plan of removing articular cartilage from both joint surfaces, which 
works so satisfactorily in the knee joint, brings new technical problems 
in the hip. Removal of the articular cartilage makes the head smaller 
and the acetabulum larger, so that accurate fit and contact are lost. 
Looseness of the femoral head in the acetabulum renders it impossible to 
maintain the denuded surfaces continuously in apposition with each other 
during the period in which fusion might be expected to occur. A further 
objection which has been raised against the intra-articular type of arth- 
rodesis of the hip — namely, that it opens areas of active tuberculous 
disease — probably has not as much weight as might seem reasonable. 
As a rule, in the case of the knee joint, the frank opening of areas of 
active tuberculosis does not lead to disaster. 

The technical difficulties involved in arthrodesis of the hip have led 
to the development of many ingenious operations. These maj' be divided 
into three groups: 

1. The strictlj' extra-articular operations in which the capsule of the 
hip joint is not opened. In operations of this tj^pe some form of bone 
graft is used to build an extra-articular strut c.xtending from the great 
trochanter to the wing of the ilium. Albec’s bone strut and Wilson’s 
iliofemoroplasty are the best examples of this group. The idea is at- 
tractive and the operations are mechanically ingenious, but the}’^ have one 
important defect. The gap liridged by the graft is large and the grafts 
themselves are relatively small and weak for the purpose of bearing the 
whole weight of the body. Even when satisfactory' fusion of the graft to 
the trochanter and ilium is obtained, fracture of the graft all too fre- 
quently occurs during weight-bearing. 

2. The second type of operation is a combined extra-articular and 
intra-articular operation. The head of the femur and the acetabulum are 
denuded of cartilage and the diseased bone is removed back to cancellous 
bone of good quality. The intra-articular procedure is then reenforced 
by some form of graft stretching from femur to ilium. The operations of 
Henderson and Eikcnbary are good e.xamples of this tyjie. Their im- 
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portant shortcoming is tlic lack of firm fixation during the period of 
fusion. The disproportion in size between tlie head of the femur and the 
acetabulum and the loose attachment of the graft deprive the joint of 
inherent stability and render diffieult the attainment of that continued 
contact of bare bone which is necessary for fusion. No form of external 
fixation in the shape of a ])laster spica, however carefully it may be 
applied, will completely abolish movement in the hip joint. Some move- 
ment is always possible within the plaster. If the patient is obese, this 
movement may be considerable. Operations for fusion of the hip joint, 
should provide inherent stabilitj'- which is more or less independent of 
external fixation. 

3. Finally, there is the partly intra-articular, but chiefly extra-, 
articular operation of which the operations of Hibbs and Ghormlej^ are 
good examples. In these operations, the capsule of the hip joint is opened 
on its superior aspect, so as to expose the upper surface of the head and 
neck of the femur. Without disturbing the joint surfaces, a graft is 
implanted in the upper rim of the acetabulum and in the sujierior margin 
of the head and neck of the femur. In Hibbs’s operation, the graft is 
taken from the upper portion of the shaft of the femur, including half of 
the trochanter. In Ghormley’s operation, the anterosuperior spine of the. 
ilium, together with a considerable portion of the adjacent wing, is used 
as a graft and is keyed into a slot. This tj'-pe of operation is the most 
satisfactory yet de^'eloped. The gap bridged by the graft is small and to 

a considerable extent 
the grafts are self- 
locking, particularly , 
in Ghormley's opera- 
tion. More rigid fix- , 
ation would be de- 
sirable. 

Requirements 

In so far as the 
hip joint is concerned, 
the requirements for 
successful arthrodesis 
are; (1) an operation 
which shall be mainly 
extra-articular in 
order to avoid the dif- 
ficulties attendant 
upon free opening of 
the joint; (2) a sub- 
stantial graft of high 

^ . , , . osteogenic power in 

Drawings illustrating the operation for arthrodesis of the exten- 

hip described. 
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sive contact with both femur and ilium; ( 3 ) a small gap to be bridged by 
the graft; ( 4 ) firm fixation and maintenance of the graft m its bed until 
fusion has occurred. 

author’s OPERATION 

The following technique has been slowly evolved to meet these 
requirements : 

The hip joint is exposed b3'’ an adequate Smith-Petersen mcision. 
The incision should extend from the junction of the posteinor and middle 
thirds of the crest of the ilium to the middle of the anterior surface of the 
thigh. When the soft tissues have been raised subperiosteallj’' from the 
wing of the ilium, this generous incision permits the whole of the soft 
tissues to be turned out as a flap, adequatelj’^ exposing the whole anterior 
and superior surfaces of the hip. The capsule of the hip is then opened 
by a transverse incision along its anterosuperior aspect. The superior 
portion of the capsule is detached from the rim of the acetabulum and 
from the inner surface of the trochanter and turned backward (Fig. 1 ). 
With an osteotome, a large rectangular graft is then cut from the wing of 
the ilium immediately above the acetabulum. The graft must be large 
and strong and such a graft is not difficult to obtain. With an osteotome, 
the superior surface of the head and neck of the femur, as far out as the 
trochanter, is cut through and raised upward and outward, the trochanter 
acting as a hinge. The denuded surfaces of the neck and head of the 
femur and of the superior margin of the acetabulum and the wing of the 
ilium above it are then trimmed to form a continuous surface of bare bone 
onto which the graft can be slid downward to lie in accurate apposition 
throughout its whole length. A screw of bone transfixes the upper half 
of the graft through the ilium to the inner cortex. The flap from the 
upper margin of the head and neck of the femur is then laid back upon the 
lower half of the graft and is fastened with a long screw of bone which 
transfixes the cortex of the inferior surface of the neck of the femur. 
This results in such solid fixation of the graft to the ilium and to the femur 
that movement in the joint does not occur except bj”^ the application of 
considerable force. The wound is closed in la3'ers and a long plaster 
spica is applied. The spica is maintained in place for four months. 

Although this operation has been developed indepondentl3', it cannot 
be claimed that it is original. In man3' respects it resembles operations 
previousl3’^ used. Nevertheless, it is a deliberate and carefull3' considered 
attempt to overcome the difficulties involved in fusion of the tuberculous 
hip. It provides accurate and wide contact between a graft of high 
osteogenic properties and the ilium and the femur. The gap bridged is 
small. Fixation is so firm that of itself it Holds the structures firmh- in the 
desired relationship to one another. 

Results 

Tlie operation has been performed upon twcnf3'-two jiatients ranging 
in age from thirteen to fift3--fivc 3-ears. Of the twcnti'-two patient.";, one 
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Fig. 2-A 



Fig. 2-B 


Mrs. B. aged fortj'-eight years, had tuberculosis of the left hip of thirty j^ars’ 
duration, with recent recurrence and abscess formation. At operation, the remnant 
of a large abscess was encountered. This was wiped out and the wall was e.^ciscd. 
The wound healed b}' first intention. The hip is solid and painless. 

Fig. 2-A: X-ray, December 1931, before operation. 

Fig. 2-B: X-ray, Januarj" 1934, twont 3 '-five months after operation. 
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died of a pulnionaiy embolus shortly after his operation and one is still 
immobilized in plaster. Of the remaining twenty, sixteen have solid bony 
fusion. In four cases the fusion is not quite solid, although the condition 
of the hip in each case has been much improved by operation. In two 
cases tuberculous abscesses in the field of operation were encountered, but 
this has not interfered with fusion. In one of these cases the wound 
healed by first intention; in the other case, a tuberculous sinus developed, 
which later healed. Satisfactory fusion resulted. In two other cases 
sinuses developed, presumably from exposure of active tuberculosis in the 
joint. In one of these cases, the screws were later removed as sequestra, 
but in both cases satisfactory fusion occurred and the sinuses are now 
healed. 
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FRACTURES AND DISLOCATIONS OF THE CERVICAL SPINE 

BY 0. C. HUDSON, M.D., HEMPSTEAD, NEW YORK 


Forty-five cases of injury to the cervical spine, including all types of 
fractures and dislocations, were observed on the services of Dr. William 
L, Sneed and Dr, B. W. Seaman at the Nassau Hospital, Mineola, New 
York, from January 1, 1930 to January 1, 1934. A study of the x-rays 
was made possible through the courtesy of Dr. P. A. Williams and Dr. 
N. H. Robin of Hempstead, New York. The end results have been ob- 
tained in all but nine cases, — two patients are still under treatment and 
seven could not be located for follow-up examinations. 

In this series, males were affected thirty-tv'o times and females 
thirteen times. The ages Amried from eleven to sixty-seven years. The 
greatest number of cases occurred in the decade from thirty-one to forty 
years of age. 

The age incidence is as follows: 


^<765 

1-10 j’^ears . . 
11-20 years . . 
21-30 years . . 
31-40 years . . 
41-50 years . . 
51-60 years . . 
Over 60 years 


No. of Cases 
0 
5 

4 
16 
13 

5 
2 


Occupation played no part in the causation of the injury, as shown by 
the following analysis: 


Occupation No. 

Toolmaker 1 

Janitor 1 

Housewife 12 


Florist . . . 
Chauffeur . 
Student . . . 
Doctor . . . 
Policeman. 


1 

1 

4 

1 

1 


Occupation N o. 

Butcher 1 

Marble cutter 1 

Laborer 10 

Groom 1 

Aerialist 1 

Salesman ^ 

Plumber 2 

Retired 1 

Junk dealer 1 

Iiwestigation of the causes of the injuries yields the following in- 
formation : 

Cause N o. 

Automobile accident 20 

Struck by an automobile 3 

Struck top of automobile going over bump 2 

Dove in shallow water 8 

Rolled over by ocean wave 1 

Fell from a hay loft 1 

Fell from aerial hoi'izontal bar 1 
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Fell from scaffold 1 

Fell down flight of stairs 1 

Fell out of swing, landing on head 1 

Violent twist of head 1 

Thrown from horse, landing on head 1 

Struck by boom of crane 1 

Struck head on Umb riding horseback 1 

Wrestling 1 

Struck on head by bar, and fell hitting head 1 


Injuries received while riding in an automobile or being struck bj- an 
automobile caused 50 per cent, of the mjuries in this series; diving caused 
approximately 10 per cent. 

The year incidence of the cases is as follows; 


i^ear No. of Cases 

1930 11 

1931 7 

1932 14 

1933 13 


Site of Injurij 

The part of the ceriical spine most frequentlj' injured was the bod 3 ’’ 
of the vertebra. These fractures were of the compressed t 3 'pe. The 
fifth and sixth cendcal vertebrae were most often injured. The trans- 
verse processes, odontoid processes, spinous processes, laminae, and 
pedicles were injured in the order mentioned. Dislocations frequentl 3 ' 
accompanied the fracture of the bod 3 " of the vertebra, with fractures of the 
posterior arch. Four unilateral dislocations have been seen; such a 
dislocation can onl 3 ' occur between the axis and atlas. 

The following table gives the sites of the lesions: 


Site No. of Cases 

Compressed fractures of the body 23 

Third cervical 1 

Fourtli ceiwical 6 

Fifth cervical 7 

Sixth cervical 8 

Seventh cervical 1 

More than one Ijody involved 4 

Fracture of the odontoid process 4 

Fracture of the transverse processes 6 

Fracture of the spinous process 3 

Fracture of the laminae 3 

Fracture of the pedicles 2 

Unilateral dislocation between the axis and atlas 4 

Multiple fractures Iti 

Fractures with dislocations 11 


Treatme/it 

The treatment in these cases was conservative. Traction with a 
halter, followed b 3 ’ the application of a plaster jacket, was used in all 
cases, except those in which the termination was fatal. 
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Resume of the Fifteen Most Serious Cases in Which the Patients Survived 
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No operation was performed in any case of fracture of the cervical 
spine. It is believed that when permanent damage is done to the cord 
clinically, there is no hope offered by laminectomy, '\^^len the damage is 
secondary, the patient can recover the maximum power without the addi- 
tional shock of an operation. Plaster Calot jackets were used for from 
.twelve to sixteen weeks following injury and then a leather collar was 
applied for sixteen to twenty-five weeks more. 

Length of Time in Bed 

Patients with fractures of the spinous and transverse processes were 
not kept in bed if symptom-free. Patients with fractures of the laminae 
and pedicles were kept recumbent for four weeks. 

In the simplest cases of compressed fracture of the bodj', the patients 
were kept in bed for four weeks; twelve weeks was the period of recum- 
bencj’^ in the very severe cases where there was marked displacement. 
The average time that a patient was kept recumbent was eight weeks. 
Earlj"- in the series, one patient was allowed up too soon, with resulting loss 
of position and a poor end result. 

Patients with unilateral dislocations of the axis and atlas were kept in 
bed for approximately four weeks. 

Deaths 

There were six deaths in this series. Three patients died within 
twenty-four hours of the accident; one died in forty-eight hours; and the 
other two died four daj^s and nine weeks later, respectively. Five of the 
patients had a complete transverse mj'^elitis from the time of the accident 
and one had an incomplete transverse myelitis. The patient with the 
incomplete lesion lived nine weeks and died of empyema following lobar 
pneumonia. 

N eurological Symytoms 

Objective neurological symptoms were present in ten cases. In 
five cases in which the termination was fatal, complete transverse mj'elitis 
followed immediately after the accident. 

Patient T. B., who had an incomplete myelitis immediateh' following 
the accident, died. There was a paresis of all the muscles of the right 
lower extremit}'', with intense paraesthesia. There was paralysis of all 
muscles of both hands as well as weakness of the left triceps and supi- 
nator muscles. 

Patient F. C. had a paresis of the left arm and hand shortly after the 
accident. Treatment by plaster splints was instituted with recovery in 
three months. 

Patient H. W. had a paresis of the left arm and hand and riaht hand 
without sensorj' changes. Splints were applied and he recovered in two 
and one-half months. 

Patient P. H. had an area of decreased sensation over both hands and 
forearms and a weak grip. He recovered. 
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Patient C. R. developed a complete paralysis of the right foot and leg 
twenty-four hours after the accident. Sensation had decreased over the 
right foot. He had retention of urine for six weeks. The right foot was 
splinted and recovery was complete in eight weeks. 

End Results 

The end results obtained in this series of cases are as follows: 


Results ]\[o. of Cases Per Cent. 

Unknown 7 15.55 

Deaths (all due to compressed fractures) 6 13.33 

Good 21 46.67 

Fair 5 11.11 

Poor 4 8.89 

Under treatment 2 4.44 


The end results with reference to the site of fracture may be tabulated 
as follows: 


Good Results {46.67 Per Cent, of Cases) No. 

Fractures of the transverse processes 5 

Fracture of the body (compressed) 8 

Fracture of the pedicle 1 

Fracture of the odontoid process 1 

Fracture of the spinous process 2 

Fractm-es of the laminae 1 

Unilateral dislocation of the axis and atlas 3 

Fair Residts {11.11 Per Cent, of Cases) 

Fracture of the odontoid 1 

Fracture of the body (compressed) 1 

Fracture of the transverse process 1 

Fracture of the pedicle and transverse process 1 

Fracture of the odontoid process 1 


Poor Results {8.89 Per Cent, of Cases) 

Fracture of the body 1 

Fracture of the body and odontoid f 

Fracture of the body (compressed) 1 

Unilateral dislocation of the axis on the atlas 1 

DISCUSSION OP CASES 

Casel. This patient was allowed up too soon. If he had been kept 
recumbent for a long time, a better functional result would probably have 
been obtained. This case is one in which a spinal fusion, using either the 
Hibbs or the Albee technique, would have been better than the conserva- 
tive form of therapy. It does not seem probable that a late spinal-fusion 
operation in this case would have reduced the permanent disability. 

Case 8. The patient refused to remove the collar and was still wear- 
ing it spasmodically when seen one year later. As this is a litigation case 
and not yet settled, it is believed this plays a part in the patient’s sub- 
jective S 3 TOptoms. There has been a marked increase in the hypertrophic 
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arthritis since the accident, which could account for all the present 
symptoms. 

Case 9 . The exact pathology in this case could not be stated, al- 
though it is felt that the patient sustained a partial luxation of an articular 
facet. 

Case 12 . Before reduction, the patient had a left torticolUs, and 
could move his head to the left, but not to the mid-line. After reduction 
and recovery from the anaesthesia, the patient stated that there was no 
pain and that he could move his head freeljL 

Case IS. It was impossible to get an x-raj’- before reduction as this 
fracture occurred on New Year’s Eve. This is believed to have been a dis- 
’ cation between the first and second cervical vertebrae. 

Case 14. The attempt to change the plaster at the end of the six 
weeks caused a recurrence of all symptoms. The patient was then put to 
bed for two weeks, with rapid disappearance of all sjmptoms. 

CONCLUSIONS 

The usual fear of fatalities following injuries to the cervical spine 
is not warranted. 

Cases of injury to the cervical spine with immediate cord damage and 
objective findings of a complete myelitis have a hopeless outlook for re- 
covery. 

Cases of injurj’- to the cervical spine with no cord damage have an 
excellent outlook for recovery. 

Cases of injury to the cervical spine with incomplete or delayed cord 
injury have a fair outlook and certainlj"- will improve. 

Conservative therapy offers the patient the best prospect for recovery 
with a maximum of motion. 

Laminectomy has not been tried in this series of cases. 

Operative spinal fusion has not been tried in this series of cases. Oc- 
casionally spinal fusion may be indicated in cervical-spine injuries. 

Prolonged immobilization is the best form of treatment. This should 
be continued past the time when x-rays show an excellent callus formation. 

Severe injuries and fractures of bone maj' be present without roent- 
genographic evidence of the lesion until the healing and callus have been 
developed. 

Traumatic arthritis ma}' develop after anj' severe spine lesion. 

Reduction of unilateral dislocations between the first and second 
cervical vertebrae under anaesthesia is the method of choice. 
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INTRA CAPSULAR FRACTURES OF THE NECK OF THE FEMUR 

A Simple Method for Properly Placing the Bone Graft*! 

BY J. VERNON LUCK, M.D., LOS ANGELES, CALIFORNIA 

Fro?n the Department of Orthopaedic Surgery, Los Angeles General Hospital 

The following simple method was devised, primarily, because of a 
desire to accurate]}'’ employ bone grafts in the treatment of recent intra- 
capsular fractures of the femoral neck without doing an arthrotomy. The 
presence of an arthrotomy, however, does not detract from the usefulness 
of the method. The technique, briefly, consists of the use of a Kirschner 
wire (Fig. 1, A) to act as a pilot for a drill (Fig. 1, D) that is enabled to 
rotate around the '^A'ii'e by a small hole bored through the longitudinal axis 
of the drill. Except for the hole through its longitudinal axis, the drill is 
similar to the electric fraise burr in the Albee ^ bone mill. 

Previous to the tune when the method to be described was developed, 
a similar procedure was devised for accurately inserting the Smith-Peter- 
sen pin. While the technique was being perfected, a review of the litera- 
ture revealed that Johansson ^ of Gotemberg, Sweden, had, in a prelimi- 
nary report, already described essentially the same procedure. Since that 
time King^, Henderson^, Jones®, and others have also employed the 
procedure. The methods of inserting the Kirschner wires were essen- 
tially the same. A fluoroscope or some type of anglemeter was recom- 
mended to facilitate directing the pilot wire. As an added guide, Iflng® 
inserted a wire by fluoroscope parallel to the femoral neck and just pos- 
terior to it. A modified Smith-Petersen pin, with a hole through its cen- 
tral longitudinal axis, was generally used. The author employs the 
standard Smith-Petersen pin. A hole, large enough to easily admit the 
Kirschner wire, is bored in the head of the pin. The wire, after passing 
through the head, follows along in one of the channels formed at the 
junction of the flanges. The tendency for the distal end of the pin to 
deviate from the pilot wire is prevented by a metal ring, hanging inside 
of which is a small wedge that keeps the pilot wire pressed to the center of 
the channel. This ring is slipped over the distal end of the pin. As the 
pin is driven into place, the ring passes backward until it reaches the 
head ; at this point the wedge above mentioned swings out of the channel 
on a hinge, and permits the ring to slip off over the head of the pin. 


TECHNIQUE 

The patient is placed on a fracture table, the fracture manipulated, 
and the extremity is brought into a position of internal rotation and 


* Presented at the Second Annual Meeting of tlie Western Orthopaedic Association, 
Los Angeles, November 9, 1934. 

f Received for publication, November 2, 1934. 
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Fig. 1 


A. Kirsoliner wire which acts as a pilot for canalized drill. 

B. Hemostat to prevent pilot wire from rotating with drill. 

C. Dowel shaper of the Albee bone mill, used to drive drill at right angles to 
motor. 

D. Drill, canalized by a small hole bored through its longitudinal axis to enable 
drill to rotate around pilot wire. 

E. Neck of femur. 

F. Electric motor. 

abduction with the hip and knee slightly flexed. The manipulation, as 
Gaenslen® has suggested, usually includes manual traction with the thigh 
flexed 90 degrees to correct overriding of the fragments, and to extract 
any portion of the posterior capsule that may be torn and interposed be- 
tween the fragments. Before taking anteroposterior and lateral roent- 
genograms to verify the reduction, a wire is laid on the thigh, or inserted 
in the soft tissues directly anterior to the neck of the femur; this facilitates 
the directing of the pilot wire in the next step of the procedure. 

Following a satisfactory^ reduction of the fracture, a lurschner wire 
is drilled with a Mathews" hand drill through that part of the femoral 
neck which is most suitable for a bone graft. proper placement of the 
wire is facilitated by internally^ rotating the extremity 30 to 35 degrees. 
It has been noted that with the extremity' in this position the neck of the 
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Anteroposterior view after reduction of fracture and 
insertion of wires. 

Wire 1: Serves for fixation of head fragment to pre- 
vent rotation or deviation of tin's fragment. 

■Wire 2: Used as pilot wire for drill. 

Wire S: Withdrawn because wire 2 occupied tlie better 
position. 


femur usually lies in a 
horizontal plane With 
the body. The wire 
should enter the shaft 
of the femur about one 
finger-breadth below 
the ridge from which 
the vastus lateralis 
muscle originates. 
This ridge forms the 
lower jDortion of the 
greater trochanter and 
is usually palpable. 
The wire is passed 
through the widest 
part of the neck bj'’ 
directing it upward at 
an angle about 10 
degrees greater than 
the one which the neck 
forms with the shaft. 
Either a fluoroscope 
or an anglemeter may 
be used to more ac- 
curately direct the 
wire at this angle. By 
carefully following this 
course, the wire 
reaches the cortex of 
the head above the 
fovea centralis. This 
is desirable becaiise 
the canalized drill, for 
which the wire is to 


serve as a pilot, will be directed above the blood vessels that enter and 
leave the head by way of the ligamentum teres. A second wire is in- 
serted at a slightly different angle and position; then, following the 
check-up roentgenograms, the better placed wire of the two is retained 
as the pilot wire (Fig. 2, Wire 2), and the other withdrawn (Fig. 2, Wire S). 
Another wire is inserted through the blunt tip of the greater trochanter 
and drilled straight in until it is well into the head fragment (Fig. 2, AVire 
1). This wire serves for fixation of the head, preventing rotation or 
deviation of this fragment when the canalized drill is used later. 

The position of the wires should be checked by anteroposterior and 
lateral roentgenograms. Lateral views are indispensable in determining 
the exact position of the wires and fragments. The method described by 
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Johnson® M'ould seem 
to be the most satis- 
factory for obtaining 
a true lateral view. 

The Johnson tech- 
nique for taking these 
views is quickly mas- 
tered and requires no 
special equipment. 

Before taking a lat- 
eral view each wire 
-must be individually 
marked. This maj”- 
be done bj' the use of 
small lead rings or 
beads; the lead O’s 
used in x-ray number 
plates serve well. 

With the frac- 
ture reduced and the 
pilot wire and fixa- 
tion wire accuratelj'- 
placed, the patient is 
taken to the operat- 
ing room where the 
second half of the 
procedure is carried 
out. Up to this 
point the operation Fig. 3 

is conducted without Position of fragments and wires in the lateral view, 
employing a general Small lead rings are used to differentiate the wires in this 

anaesthetic. The lateral view is indispensable in determining the 

An incision two exact position of the wires and fragments. 

inches long is made 

where the pilot wire enters the skin, and a small area of the femoral shaft 
is exposed tvhere the wire enters the corte.x. The canalized drill (Fig. 1, 
D) is set into the dowel shaper (Fig. 1, C) of the .Albee’ bone mill. The 
dowel shaper is used because it furnishes a means of rotating the drill at 
right angles to the drive shaft of the motor. This arrangement permits 
the lateral end of the pilot wire to protrude free from the end of the drill. 
When the drill is driven, the protruding end of the wire is held with a 
hemostat to prevent any possibility of the wire rotating with the drill 
and making its way into the pelvis. The drill is advanced the proper 
distance, as previouslj' determined by measuring the roentgenograms and 
the depth of the pilot wire. The drill is then removed and the fracture 
site curetted. .A small loop curette, bent to a right angle one-half 
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cHiK, silr. A i^Jiujjhy Uvo-prong rnke retractor is hooked into the 
mver iwirgm of l.lio cirill liolo ,,„(| the femoral shaft retracted laterally 

of llT fraef.'m ' -i to permit a curettement 
01 Inc iKictuic site, J )je l)one graft is 

taken in the usual innimer. If a tibial graft 

is used, the eorlieal ent rance of the driJl Jiole 

is cliiselod sejuare to admit the bone graft 

wliich is one-half inch wide. After the 

graft is tapped into jilace, the fragments are 

imjjaeted 1)y a few blow.s on a .short piece 




Fig. 4 

Position of bone graft in anteroposterior view. 


Pig. 6 

Position of bone graft in 
lateral view. 


of three-quarter-inch steel tubing, set against the femoral shaft adjacent 
to the drill hole. The operation is completed by closing the wound and 
applying a spica and a half east. 

In several of the cases operated upon thus far, it has been either in- 
advisable or inconvenient to do the operation promptly after the patient 
sustained the injury. In these instances the procedure has been to reduce 
the fracture and apply the cast; then, when the cast has dried, a window 
is made over the trochanteric region, through which the operation is per- 
formed when conditions permit. This variation in technique has proved 
ve7'y satisfactory. 

In cases where an arthrotomy is done, the pilot wire is often inserted 
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more or less by direct vision. The extremitj'- is externally rotated, and 
the fragment ends are thoroughly cleaned and freshened. Through a 
short lateral incision the pilot vh-e is inserted one or two centimeters be- 
low the lower border of the greater trochanter, and directed in, until it 
presents itself just superior to the center of the fractured surface of the 
shaft fragment. The extremitj’- is then internally rotated, the fracture 
reduced, and the wire advanced until it reaches the cortex of the head 
fragment. The remainder of the procedure is as previouslj’^ described. 

Internal fixation is being used more and more in certain of the recent 
cases. In the cases operated upon thus far, the bone graft or Smith- 
Petersen pin has been placed with considerable precision, and there has 
been little or no evidence of shock. The results thus far are most en- 
couraging. In a later communication an end-result studj'- of the use of 
infernal fixation in recent cases will be reported. 

Since the canalized drill (Fig. 1, D) was devised two j’ears ago, it has 
been used in fourteen cases, most of which were operated upon soon after 
the fracture was sustained. Of the recent fractures, an arthrotomj’- was 
done in only one instance; of the ununited fractures an arthrotomj’^ was 
done routinely. 

Since this paper was written, Macey and Henderson ® have reported a case of an 
imunited fracture of the neck of the femur treated by a bone graft. At operation they 
used a procedure similar to the one employed by the author. 
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INJURIES INVOLVING THE ILIUM 
A New Treatment 

BY S. A. JAHSS, M.D., NEW T'ORK, N. Y. 

1 lie utilization of the lever iji’inciple occurred to the author while 
treating a case of fracture of the ascending and descending rami of the 
pubes, with displacement. 

The history of the case, symj^tonis, and physical findings are 
superfluous. The injiuy sustained was a fracture of the ascending 
and descending rami of the pubes on the right side, with displacement 
(Fig. 1). 


TECHNIQUE 

Heavj’' felt jiadding was placed at the proximal medial ends of the 
thigh, over the heads of the fibulae and the lateral malleoli. Both lower 
extremities were immobilized in plaster, from the groin to the toes, with 
the knees in comjDletc extension and the feet at an angle of about 90 
degrees. The receptors for the turnbuckles were incorporated in the 
plaster proper, — one set, which was superficial, near the groin; the other 
set, which was deep, at the lower part of the legs. The plaster was 
heavier at these points. The greatest depth of the turnhxichle was exactly op- 
posite to the direction of the force. All the receptors were placed medially. 



Fig. 1 


Fracture through ascending and descending rami of pulies. Before reduction. 
Note the marked narrowing of the obturator foramen, due to the overriding of tlie 
fragments, and the break in the pelvic inlet. 
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After reduction. Note the 
distance between C and c' as 
compared with Cc (Fig. 2). 


Before reduction. Note the moderate 
abduction present. 

AC and ac, lower extremities in plaster; 

C and c, groin, upper limits of plaster dress- 
ings; Bh, position of closed turnbuckle and 
position of fulcrum; Aa, position of open 

turnbuckle at lower part of legs. +i 

Arrows show direction of effort, Aa, and After the planter Mas ab- 

of force, Cc. solutely dry, the limbs were 

moderatelj’- abducted. A 
closed turnbuckle was placed between the proximal receptors and an open 
turnbuckle, seventeen and one-half inches long, between the distal turn- 
buckles (Fig. 2). The closed turnbuckle was then slotvly opened. This, 
of course, made the ligaments of the hip joints tense and tended to pull the 
pelvis open. (This was accomplished by the spreading of the upper ends 
of the plaster dressings which acted on the upper ends of the femora.) 



Fig. 4 

.\ftcr reduction. Obturator foramen normal in outline. Note ree.<=tabh.=hment of 
outline in pelvic inlet. Compare with Fig. I. 
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Tlic distal tunibucklc was tlicn slowly closed. This was the effort end 
of the lever; the proximal turnbucklc acted as the fulcrum only. The 
force was applied at C and c (Fig. 3). (The direction of the effort and 
f 01 ce is mai ked by arrows.) As a result of this action of the turnbuckles, 
the space between the upper ends of the thigh was widened and that 
between the lower ends of the legs lessened (Fig. 3). 

The results of this lei^crage on the pelvis can be seen by a study of 
the roentgenogram (Fig. 4). Just bow much force should be applied 
through the turnbuckles was problematic, but, in this case, the determin- 
ing factors were the immediate relief of joain in the pubic region upon 
coughing or sneezing, and the correction shown in the roentgenogram. 

The reduction itself can be accomplished in the short time 

necessary to open one 
turnbuckle and close 
the other. 

The advantages 
of this treatment are: 

1 . Excellent realign- 
ment of the fracture 
is obtained. 

2. The inlet and out- 
let regain their nor- 
mal measurements. 

3. There is immedi- 
ate relief of pain. 

4. The patient is, 
able to sit up. 

5. No soiling, etc. 

6. No anaesthetic is 
required. 

Realizing the possibilities of a broader utilization of leverage in the 
treatment of injuries involving the ilium, the author carried out an ex- 
perimental study in the mortuary. 

EXPERIMENTS 

Central Fractures of the Acetabulum 

A good part of the roof of the acetabulum was removed and the head 
of the femur was driven into the pelvis (Fig. 6). For reduction of this 
type of fracture, a very heavy proximal turnbuckle must be used. As 
soon, as reduction has been accomplished (Fig. 7), the affected limb should be 
immobilized in a long plaster spica in a position of extreme abduction and 
full extension. The reason for applying a plaster spica is that so much 
force is required for reduction that the unnecessary discomfort due to 
stretching and pressure over a period of a few weeks would be both foolish 
and hazardous. The placing of the open and closed turnbuckles is the 
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Note that the proximal turnbuckle is now open (origi- 
nally closed) and that the distal turnbuckle is now closed 
(originally open) ; also how the upper and lateral parts of the 
plaster dressings are sepai-ated from the thighs proper. 
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Hcforo mliK'iidii. IIpikI of femur in iiclvis. Note close proximity After reduction. Note position of hciid of femur and lesser trocliaiitcr. 
of Ic.'i.'cr trorlimitcr to iscliinm. (Part of head of femur was uninten- 
tionally elnseled away while removinR roof of acetabulum.) Note 
maceration of greater trochanter. 
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Fig. S 


Separation of symph3’sis pubes. 

same as in pubic fractures, but the limbs must be very widely abducted 
(long turnbuckles). 

Separatio7i of the Symphjsis Pubis 

Since such splendid results have been obtained by a spreading of the 
pelvis, it was suggested that, should the work of the two turnbuckles be 
reversed, the heads of the femora would produce direct pressure on the 
acetabula and so bring the ilia together. 

Heavy felt padding Avas placed over the greater trochanters and the 
medial malleoli. Plaster dressings Avere applied from the groin to the 
toes, the upper lateral limits of the dressings being the upper margins of 
the trochanters. The pubic arch AA’^as then dissected and freed, and a 
separation of the symphysis Avas produced (Fig. 8). The limbs AA^ere then 
slightly abducted; the open turnbuckle AA'^as placed medially and the 
closed turnbuckle Avas placed distally (Fig. 9). The proximal turnbuckle 
Avas then closed and the distal turnbuckle Avas opened (Fig. 10). The 
effect upon the separation can be seen in Figure 11. 

Fractwe of the Ascending and Descending Rami of the Pubes 

Since it AA^as desired to study further the spi'eading action of the 
treatment, the symphysis pubis AA^as AAUred (there AA^as no other cadaver 
available at the time) and an osteotomy AA'^as done through the ascending 
and descending rami of the pubes. Displacement AA^as accomplished 
(Fig. 12) by lateral pressure, and the turnbuckles AA'^ere reversed (a A^ery 
long turnbuckle AA'as placed distally). The proximal turnbuckle aa'AS 
completely opened and the distal turnbuckle AA^as completely closed. As 
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Before reduction. Lettering 
same as Fig. 2. Here, the 
proximal turnbuckle is open 
and the distal turnbuckle is 
closed. Note vide space be- 
tween upper ends of the thighs, 
due to separation of sjunphysis. 


After reduction. Note narrowing of 
space between upper ends of thighs (be- 
tween C' and o'). Compare with Fig. 9. 


a result, not only was the displacement 


overcome, but a separation of the frag- 
ments of between one and one-half and two inches took place (Fig. 13). 
The limbs were then flexed and extended, but there was no movement of 
the fractured ends. In other words, complete immobilization of the frac- 
ture was not affected by motion in the hips. This was also true after re- 
duction of the separation of the sj’mphj’-sis pubis. 

Further opportunity was afforded to test this method in the following 
case of fracture of the pelvis. 



Fig. II 

After reduction of scp.nrfltion of s\Tnphysis pubes. i.See Fig. S.) 
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Fig. 12 

Fracture througli ascending and descending rami of the pubes. Note same dis- 
placement as in case actually treated (Fig. 1). 


CASE REPORT 

The patient was admitted to the Lenox Hill Hospital * in a semicomatose condition 
as the result of an automobile accident. The urine was tinged with blood. The 
patient developed a pneumonia of the right middle lobe and, for that reason, nothing 
could be done for his pelvic injuries until two weeks later. 



Fig. 13. Marked separation of fractured ends. 
* Service of Dr. Otto Pickhardt. 
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A roentgenogram (Fig. 14), taken at this time, shows a comminuted fracture of the 
right ilium, pubes, and ischium, with marked displacement of the fragments. The head 
of the femur is displaced into the peh-ic cavity proper and appears to be resting on the 
sacrum. The head of the femur has pushed the fragments ahead of it and is in such close 
contact with them that the normal joint space has been completely obliterated. The 
lesser trochanter is impinging on the ischium proper. The right pehdc ca\ity seems to be 
complete^' obliterated. 

iSTo thorough examination could be made because of the weak physical status of the 
patient and the severe pain present when motion was attempted. A conca^-ity over the 
region of the greater trochanter could be seen quite easilj- instead of the convexity which 
is normally present. The greater trochanter could not be palpated. 

Treatment according to the author’s method was carried out. 

. A roentgenogram (Fig. 15), taken a few minutes later, shows a complete reduction 
of the central displacement of the head of the femur and reestablishment of the normal 
joint space. At this time, a separation of the symphj'sis pubis could also be seen which 
was not visible before. 

It is the author’s belief that, although this separation appears to be of major propor- 
tions, it is far more apparent than real. The entire pubes with part of the ischium is 
greatly displaced laterallj', obliterating the obturator foramen. It can easily be visual- 
ized that, should this fragment be reduced, the separation of the sj-mphysis pubis would 
be almost negligible. 

No anaesthetic, either local or general, was used. 



Fig. 14 

Before reduction. Comminuted fracture of the ilium, pubes, and ischium with 
marked displacement of the fragments. Head of femur apparently resting on the 
sacrum. No joint space. Obliteration of the right pehic cavity. 
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Fig. 15 


After reduction. Restoration of the hip joint and pelvic cavity. 

SUMMARY 

Based upon the results obtained in two actual cases and in three 
experiments on the cadaver, it is possible to obtain reduction of fracture 
of the pubes (ascending and descending rami) , separation of the symphj'sis 
pubis, and central fracture of the acetabulum. 

After being properly padded, each limb, from groin to toes, is im- 
mobilized in plaster in which are incorporated the receptors for two 
turnbuckles. 

In the treatment of the pubic fracture, the linrbs are moderately ab- 
ducted and the open turnbuckle is placed distally, while the closed turn- 
buckle is placed ■proxivially . 

In treating the central fracture of the acetabulum, the limbs are 
widel3>" abducted and the turnbuckles are placed in the same way as for 
the pubic fracture. 

For the separation of the symphysis pubis, the limbs are slightly 
abducted and the open turnbuckle is placed proxiinally, while the closed 
turnbuckle is placed distally. 

Much of the force of the leverage was lost, as the limbs tended to go 
into a position of external rotation. To combat this, two turnbuckles are 
now placed proximally, — one anteriorly and one posteriorly, the posterior 
turnbuckle being used as a derotator. 

The author is greatlj’’ indebted to Dr. tValter I. Galland who treated the case 
reported. 
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BACKWARD DISPLACEINIENT OF THE FIFTH LUMBAR VER- 
TEBRA: AN OPTICAL ILLUSION 


BY THEODORE A. 'n'lLDIS, M.D., CLEVELAXD^ OHIO 

NotAvithstanding reversal of social and economic beliefs by an allitera- 
tive political administration, nature’s law of gravity still holds. Water 
doesn’t, of its own accord, run up hill; nor does a stalled motor car coast 
in that direction. To the discomfiture of the writer these facts were 
recently impressed upon his skeptical mind, and optical illusions will al- 
ways be a part of his memories of the W 5 mming mountains. Still brood- 
ing over the financial losses occasioned bj’' the above experiences, he was 
immediately intrigued by recent descriptions of fifth lumbar vertebrae 
subluxating up the steeply inclined surface of the sacrum. Where was the 
illusion here? 

In all discussions of backward luxation of fifth lumbar vertebrae, the 
diagnosis of this lesion has been based on the relation of the posterior 
border of the lower articular surface of the last lumbar vertebra to the 
posterior border of the upper surface of the sacrum. Though in the illus- 
trations offered in proof of such displacements the former border is shown 
to be posterior to the latter, the anterior borders of these same surfaces 
seem to be in normal alignment. Measurement of the opposed lumbar 
and sacral surfaces in these illustrations reveals the secret of the illusion. 
In every instance the anteroposterior diameter of the sacrum is less than 
that of the last lumbar segment. While the anterior borders are in align- 
ment, the posterior borders overlap. 

To determine whether or not there is a normal difference in depth of 
the opposing lumbar and sacral articular surfaces, these were measured in 
fift 5 '^ consecutive skeletons in the catacombs of the Hamann Museum. 
In only seventeen wore they found equal. In thirty-three the anteropos- 
terior diameter of the sacral surface was from one to four-sixteenths of an 
inch less than that of the opposing lumbar surface. Analj’sis of these sur- 
faces showed the difference in anteroposterior depth to bo due to the con- 
formation of the posterior borders of thc.;sacral surfaces. These varied 
from convexit 3 ’^ to concavit}’^ toward the neuz'al canal, while the posterior 
lumbar bordei-s were regularlj’ convex. The illusion of posterior dis- 
placement of the lumbar segment, then, can be attributed to relative 
shortening in anteroposterior diameter of the first sacral segment (Figs. 
l-.\, 1-B, and 2). 

Two tracings were made of an illustration in a recent essa\’ describing 
this “displacement". These wei-e superimizoscd with the posterior bor- 
ders of the lumbar and sacral articular surfaces aligned. There was then 
a definite overhang of the anterior lumbar border (spond\’lolisthesis?), and 
the sacral articular facets were behind the lumbar (Fig. 3). 

There has been a minor disagreement as to whether or not the angle 
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Fig. 1-A 

lumbaJ°Sbra of skeleton the last 
^“al Lrffce skeleton 1182 . Note convexity of the posterior border of the 
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Fig. l-B 

Pliotograph of the sacrum and last lumbar segment of skeleton Xo. 1097. Xote 
concave posterior border of the sacral surface. 

fromwliich a roentgenogram is madeisof importance in demonstrating the 
“displacement”. Naturallj', if the skeleton chosen for a model is of the 
34 per cent, having equal opposing last lumbar and first sacral surfaces, no 
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view will show n discrepancy. But if, by chance, the model is one of the 
66 per cent, of skeletons Iiaving unequal anteroposterior diameters of these 
surfaces, the x-ray, to show the discrepancy, must be so directed that it 
will outline the most posterior portions of tlie two segments (Fig. 4). 

Johnson ’ found the amount of ‘'displacement” in twelve patients 
to vary between 0,3 centimeters and 0.7 centimeters, which is from slightly 
less than one-eighth of an inch to .slightly more than one-fourth of an 
inch. He believes that the condition exists in at least 10 per cent, of 
patients with liack sym]itoms. Smith ^ found the overlap to -s^ary from 

one-eighth to one- 
fourth of an inch, ex- 
cept in two patients 
where it was, respec- 
tively, five-sixteenths 
and seven-sixteenths 
of an inch. He also 
believes that the le- 
sion is quite common. 

Of fifty consecu- 
tive museum skele- 
tons the diameters 
under discussion 
were equal in seven- 
teen (34 per cent.). 
In the remaining 
thirty-three (66 per 
cent.), the sacral di- 
ameters were from 
one-sixteenth to one- 
fourth of an inch 
shorter than the lum- 
bar, four of them 
reaching the latter 
figure. 

It seems, then, 
that careful measure- 
ment of the bones in 
unselected skeletons 
demonstrates a dif- 
ference in anteropos- 
terior diameter six 
times as frequently 
as does the lateral 
roentgenogram in pa- 
tients having back 
symptoms , — this in 
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Fig. 2 


Lateral roentgenogram of last lumbar vertebra and 
sacrum of skeleton 1097. When only the posterior borders 
of their opposing surfaces are considered, there appears to 
be a backward displacement of tiie lumbar segment on the 
sacrum. 
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spite of the fact that the latter, with the tube thirty-two inches and 
the sacrum eight inches from the film, magnifies the discrepancy by 25 


per cent., making one-fourth of an 
five-sixteenths of an inch on the 
film. Apparently variations of less 
than one-eighth of an inch on the 
film are not noticeable. 

Considerable importance in the 
production of the displacement, and 
of associated symptoms, has been 
attributed to downward and back- 
ward movement of the fifth lumbar 
articular facets. Since the trans- 
verse axis of lumbosacral flexion 
and extension is considerably an- 
terior to the facets, this downward 
and backward movement, as well 
as “wedging” of the lumbosacral 
intervertebral disc, is simply a part 
of extension of this joint. Habit- 
ual extension of any joint gives rise 


inch difference of the bone surfaces 



Fig. 3 


Tracings of an illustration of backward 
displacement of a fifth lumbar vertebra 
(Smith — Fig. 5). Broken line shows posi- 
tion of the sacrum when the posterior lumbar 
and sacral borders are aligned. 


to symptoms of chronic strain, which no doubt can be relieved by fusion of 


the affected bones. Thus Smith finds that while the “displacement” was 


unchanged, except in one patient, after fusion, the pain was relieved in 


all but one of the nineteen cases operated upon. The pain then could not 


have been due to the 


displacement itself. 
The operation elimi- 
nated the supporting 
role of ligaments and 
muscles, and it is 
reasonable to suppose 
that, in the absence of 
diseased tissue, pain 
relieved bj' this means 
had been caused b}' 
undue strain upon 
these structures. 

Though this so 
called displacement 
has not been held 
directly responsible 
for low back pain, the 
two have been verj' 
definitely associated. 
.Vctually the differ- 



Fig. 4 

Tracings of Photograph of 1097 iFig. 1-Bi. Solid line i.s 
the upper surface of the sacnim. Broken line is the in- 
ferior surface of the last lumbar vertebra. O.V is the 
distance by which, in a straight lateral roentgenogram, the 
lumbar segment would appear to be jxistcriorly disjilaccd 
on the sacrum (sec Fig. 2). This distance would decrease 
as the tube moved cither forward or backward from the 
straight lateral position, disappearing entirely when the 
angles COJi or C'OJi' were passed. 
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ence in anteroposterior diameter of the last lumbar and first sacral bodies 
is due to encroachment of the neural canal upon the bodies. As the pos- 
terior elements of the sacral vertebrae fuse behind the canal, the latter 
approximates the fused sacral bodies, hollowing out their posterior sur- 
faces. 

As a rule the first sacral segment is convex jiosteriorly, but less so than 
the last lumbar. The second and lower sacral segments are usually con- 
cave. In some individuals the first sacral presents this characteristic of 
the second. It is, then, another of those lumbosacral anomalies associated 
with numerical variation of vertebrae. Because it is found no more fre- 
quently in painful backs than in museum skeletons, it is probably of. no 
clinical importance, and is certainly not to be considered a displacement. ■ 

The writer is indebted to Dr. T. Wingate Todd, Professor of Anatomy and Director 
of the Hamann Museum, for access to the material and use of the facilities of his De- 
partment. 
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SEPARATION OF THE CAPITAL FEAIORAL EPIPHYSIS 


BY ANDREW R. ILACATJSLAND, SI.D., BOSTON, MASSACHUSETTS 
From the MacAusland Orthopaedic Clinic 

The lack of end-result studies in literarj-^ contributions on the subject 
of shpping of the capital femoral epiphysis, and the question of the efficac}^ 
of the closed reduction in treating this lesion, induced the writer to review 
the series of cases that have been treated at the AlacAusland Clinic. 
During the past twenty-two 3’’ear3, fortj^-five cases of shpped epiphj'sis of 
the upper femur have been seen in this Clinic. Twentj’'-nine of these 
cases were treated bj^ the YTiitman method, which proved to be efficacious, 
and which afforded results more favorable than the majoritj' of those 
reported in medical literature. 

The forty-five cases in our series ranged in ty^pe from the earR case, in 
which the slipping was practically neghgible, to the case of long standing, 
in which arthritic changes had developed. The left hip was involved in 
twentj’’-three cases, and the right in eighteen cases. In two cases the in- 
volvement was bilateral, and in two cases no notes were recorded. Eight 5 ' 
per cent, of the patients were males. The ages of the male patients', ex- 
clusive of two adult cases, ranged from seven to eighteen j'ears, and the 
ages of the females ranged from twelve to sixteen j’^ears. 

Obesity and endocrine disturbance were obsen-ed in at least nineteen 
of our forty-five patients, and it is possible that these factors were present 
in other cases in which the patients were examined before the general in- 
terest in the relation of such disturbances was stimulated. (It will be 
noted that our series extends over a period of twentj'-two j'ears.) 

Twenty-one of our patients reported having suffered an injurj^; some 
of them had hit the hip directly, others had merelj' twisted the leg. 

The treatment of a slipped epiphy^sis varies with the stage of the 
lesion. In the mild case, of which there were two in our series, the leg is 
. protected bj’’ means of a flannel bandage or a leather spica. One child, 
after wearing the flannel spica for two months, had no further trouble, but 
the other child after one and one-half j’ears had a definitelj' slipped 
epiphysis. (See Case 13 in Table I.) 

Early cases of slight or moderate displacement and recent cases of 
severe displacement due to trauma are treated bj’ the RTiitman method of 
reduction. The technique of this method is well known through the 
writings of Dr. Whitman. Accurate determination of the reduction has 
recentlj' been made possible through the introduction of a cun-ed cassette 
bj’- which vertical views of the femoral neck may be obtained (Leonard and 
George). Following reduction, the hip is fixed in full abduction, hj-perex- 
tension, and moderate internal rotation bj- means of a plaster bandage. 
This spica must be worn until firm union has taken place: in the writer’s 
opinion, a period of six months is required for the structures to consolidate. 
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Weight-bearing, in so far as it can be obtained with the leg in the abducted 
position, is allowed during the period of immobilization. Following the 
removal of the plaster spica, a flannel bandage is worn for three months, 
and physiotherapy and exercise are instituted to restore the muscle 
power, (See Figure 1.) 

Advanced cases in which ossification between the displaced epiphysis 
and the neck has taken place, arid in which new bone has formed to a great 
extent, call for open reduction. Operative treatment is also indicated in 



Fjg. 1 

Roentgenogram showing an early case of slipping of the epiphysis in which the 
slipping amounted to one-quarter of an inch. (Case 10.) 
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cases in which the femoral head has flowed around the neck, so that the 
hook on its end is beyond 30 to 40 degrees (Fig. 2). 

In long standing cases of solid union with coxa vara, in which even 
approximate restoration of the joint surfaces is impossible, deformity may 
be corrected by a wedge osteotomy. By this means, the function may be 
improved and the disability lessened. The more extensive the structural 
changes, the less correction can be obtained, but the anatomical alignment 
will be bettered, with a corresponding improvement in function. In our 
series two transtrochanteric osteotomies were performed and marked im- 
provement of function was obtained. 

Finally, there is the long standing case in which no treatment has 
been received or in which treatment has been inefficient. In these cases, 
under the influence of weight-bearing, the slipping has progressed until 
complete separation has occurred, or until repair has taken place with the 
hip in flexion-adduction deformitj’-. The shortening may be extensive, 
and the function permanently impaired. Arthritic changes maj' be pres- 
ent as the result of the interference with function. A chronic back strain 



Fig. 2 


Rocntqcnograni showing complete separation of the epiphy.-is with .a hook on the 
femor.il head of 90 degrees in a glandular type of boy. iC:isc 1.5.'' 
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or mild curvature may have developed. Occasionally a complete anky- 
losis of the hip joint is seen. 

The treatment of these long standing cases depends upon the pathol- 
ogy. Occasionally a reconstruction operation, an arthrodesis, or an 
arthroplasty is indicated. The adult patient with secondar3’’ arthritis 
presents a particular problem from a therapeutic standpoint, as conserva- 
tive measures afford onlj’- temporarj’^ relief and such patients are usuallj’- 
poor operative risks. 

Four cases of this advanced type have come to our attention. One 
patient (Case 35 , Table II) had been improper^ treated for tvo and a half 
years before he came to our Chnic, mving to the fact that the lesion had 
not been recognized. An attempt to reduce the displacement by opera- 
tion proved ineffective, and two j^ears later a modified arthroplasty was 
done. The result was good. The second patient, thirtj'-seven j'ears of 
age, had suffered severe pain in the hip for over two j-'ears. On exami- 
nation, both internal and external rotation, abduction, and flexion were 
found to be limited. A diagnosis of an old slipped epiphi-^sis was made, 
and a reconstruction operation advised, but the patient refused the treat- 
ment. In the third and fourth cases, epiphyseal injuries had been 
suffered manj’^ years before examination, and conservative measures were 
used to compensate for the shortening. 

END RESULTS 

Reference has already been made to the outcome in the following 
•cases: two mild cases treated by flannel bandages; two cases of co.xa 
vara treated by transtrochanteric osteotomy; one advanced case in which 
a modified arthroplasty was performed; three advanced cases treated b}’’ 
palliative measures. 

Every effort was made to examine the twentj^-nine patients treated 
by the IVhitman method and the eight patients treated b3' open reduction. 
Twenty-five of the former group were located. In these cases the time 
interval between treatment and the reexamination varied from one to 
fourteen 3^ears; twelve to fifteen 3’^ears had elapsed in six cases, six to eleven 
years in five cases, and one to six 3'ears in fourteen cases. 

In the classification of the clinical end results, the following standard 
was used: 

ExccUcnl: Restoration of practically normal motion. Less tlian one-quarter of an 
inch of shortening. No sjTnptoms. 

Good: Slight to moderate limitation of motion. Slight shortening. No symp- 

toms. Function sufficient for ordinary purposes. 

Fair: Motion satisfactory for the routine functions, but definitely restricted in 

some respect. 

Poor: Hip definitely restricted in motion. Movement difficult. 

In twenty, or SO per cent., of the twcnt3'-fivc cases, excellent or good 
results were secured; in two, or S per cent., fair functional results were 
obtained; and in three, or 12 per cent., the outcome was poor. Complete 
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details of the amount of motion are given in Table I. Figures 3, 4, 5, and 
6 are illustrative of the reduction obtained in cases of vaiying degrees of 
slipping. 

In the group in which open reduction was done, five of the eight pa- 
tients v^ere located. Two to twenty years liad elapsed since treatment. 
In these cases, one excellent result, one good z’esult, and three poor results 
were obtained. In one of the three cases in which the outcome was poor, 
the prognosis zvas poor from the beginning of treatment; in another case, 
the lesion had been of fi^m years’ duration when treatment was instituted; 
and, in the third case, improper treatment had been carried out for seAmral 
years before the patient came to our Clinic. 

It is the writer’s opinion that, provided the patient is treated by the 
Whitman method Avithin a reasonable length of time after the onset of the 
condition, good to perfect function may be restored. In cases of slight to 
moderate displacement, the best results may be expected Avhen treatment 
is instituted Avithin a month’s time; and, in cases of severe trauma, the 
outcome is most satisfactory when reduction is made within fort 3 ’^-eight 
hours. After a displacement has existed for six months or more, the mass 
of bone inAmhdng the epiphysis, neck, and joint may be so great that re- 
duction is difficult, if not impossible. In cases of severe trauma the reac- 
tion that sets in is more intense; consequently, unless early treatment is 
instituted, operative reduction must be considered. 

When manipulation fails as the method of treatment, one of tAvo fac- 
tors is responsible; either the displacement Avas not reduced sufficiently 
early, or the limb AAms not immobilized for a sufficiently long period. In 
some cases actWe treatment AA'ill be required for more than a year. Case 
22 (Table I) illustrates AA'ell this need of extended treatment. 

Tlie patient AA'as an e.vtremelj'- obese boy, weighting 179 pounds at thirteen years of 
age. FolloAving manipulation, the limb A\'as immobilized in a plaster spica for five 
months, and then a leather spica was Avorn for four months. At the end of this time, the 
roentgenogram showed that the slipping had progressed. Reduction by the traction 
method Avas then attempted: a pin AA^as driven through the tibia, the limb Avas manipu- 
lated slightly, and traction of tAA-^enty pounds was applied. The traction AA-as continued 
for four months; at the end of this time there was definite bone repair. No Aveight- 
bearing Avas allowed for another five months. A good result Avas obtained in this case. 
(See Figures 7-A, 7-B, 7-C, and 7-D.) 

The use of traction seems to hold a great deal of promise. It has the 
decided advantage of shortening the period of immobilization. 

In the adA^anced case, in AAdiich operatiA^e reduction is indicated, the 
prognosis depends upon the extent of the pathology. In Case 34 (Table 
II), in AAffiich the displacement AA^as only slight and in AA-hich treatment Avas 
instituted seA^en months after the onset of symptoms, a perfectly normal 
hip resulted from operatiA^e interference. On the other hand, in Case 36 
(Table II), a glandular type of boy Avho had had symptoms for tAvo years 
before he Avas treated, a stiff hip Avas the result of operative treatment (Fig. 
8). In this case the prognosis had been recognized as poor from the 
beginning of treatment, as the femoral head Avas turned half-Avay around 
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I'.viilcnci’ of rc'p.'ui' four iiuuitlis after the institution of tmclioii. Ten months nflor the institution of trnotion. Finn union, but no 

change in tlie relation of head and neck. 
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Case 36. R. M., operated upon two years after the onset. A poor result «'as 
obtained in this case. 

and united posteriorly with the neck. In Case 15 (Table I) a better 
result would probably have been obtained if an operatit'e reduction had been 
carried out, since the femoral head showed a hook of 90 degrees (Fig. 2). 

CONCLUSIONS 

Closed manipulative reduction has proi'ed efficacious in a series of 
twenty-nine cases. In 80 per cent, of these cases, excellent or good func- 
tional results were obtained; in 8 per cent., the functional results were fair. 

Successful treatment by closed reduction depends upon: 

1. Early institution of treatment. 

2. Accomplishment of complete reduction. 

3. Active treatment for a sufficiently long period. 

The new curved cassette makes it possible to ascertain whether or not 
reduction has been accomplished. 
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OPERATIVE TREATMENT OF HOLLOW FOOT 

BY DR. ALADAR RARKAS, BUDAPEST, HUNGARY 

From the Orthopaedic Clinic of the Brody Adel Children’s Hospital 

Of the older methods of operative treatment of hollow foot, the au- 
thor has found that of Dr. Scherb^ the most useful, but experience has 
demonstrated certain handicaps in this technique. In this method, the 
oblique position of the metatarsal bones is corrected by an osteotomy 
near their bases, and the new position is maintained by a transosseous 
attachment of the extensor hallucis longus tendon or of the tendons of 
the other long extensors of the toes. This has disadvantages, for, with 
the loss of the long extensor tendon, the toe assumes the position of 
hammer toe through the action of the flexor. This position results in 
inflammatory processes on the end of the toe, the treatment of which is 
difficult. In addition to this, the pull of the transplanted extensor tendon 



Fig. 1 

A, the lengtliened extensor hallucis longus tendon; B, the trans- 
planted extensor hallucis brevis tendon; C, suture; attachment 
of the distal fragment to the skin; B-B, osteotomJ^ [Courtesy of 
Johann Ambrosias Barth, Leipzig, Germany.) 

is not sufficient to maintain the corrected position of the metatarsal bone, 
for the reason that all of the soft tissues of the sole are shortened, which 
tends to produce a recurrence of the deformity, and experience shows 
that, after osteotomy and the placing of the metatarsal bone in its new 
position, in the majority of cases the deformity returns. Also, the trans- 
versoplanus of the forefoot, which resembles somewhat the pronation of 
the metatarsal bone, plays an important role in the deformity. 

The method to be described eliminates the disadvantages of the 
method of Scherb and conserves only the principle of the osteotomj’- of the 
metatarsal bone. In the author’s opinion, this is the only physiological 
way to correct the deformity without derangement of the relation of or 
injury to the bones. It is necessary to correct; (1) the oblique position 
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of the metatarsal bones, with flattening of the arch of the foot; (2) th& 
impediment of the spread foot; (3) the supination of the metatarsal bones; 
and (4) the contracted extensor hallucis longus tendon or other long ex- 
tensor tendons. 

The method described at one time by the author’s assistant, Dr. 
Rosenzweig-, consists of the plastic lengthening of the extensor hallucis 
longus tendon, the dissection of the extensor haUucis brevis tendon from 
its insertion on the first phalanx, and the drilling of a straight frontal 
canal near the head of the metatarsal bone, through which the extensor 



Fig. 2-A Fig. 2-B 

Before operation. Four j-ears after operation. 


hallucis brevis tendon is pulled and sutured on the inner border of the toe. 
The purpose of this manipulation is to preserve the spread of the meta- 
tarsal arch and to hold in supination the pronated metatarsal bone. An 
osteotomy of the metatarsal bone near its base is then performed in an 
oblique direction, in order to make the distal fragment slide downward in 
the direction of the sole and thus lower the high arch. In order to make 
secure the new position and to overcome the pull of the shortened soft 
tissues of the plantar arch, which tend to distort the distal fragment up- 
ward into its old position, parallel canals are driven from the dorsal sur- 
face of the distal fragment to the plantar surface. Through these canals, 
silk, catgut, or kangaroo ligatures are carried, the upper ends of which are 
fastened to the periosteum or to other soft parts over the surface of the 
bone. Bj' means of these sutures, the distal part of the metatarsal bone 
is then pulled into position and secured to the skin temporarily by a pad 



Fig. .3-A Fig. 3-B 

Before operation. Three years after openitton. 
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of gauze. Finally, the cut portions of the tendon of the extensor hallucis 
longus are sutured. The operation is completed by the redressement of 
the hammer-toe position of tlie toes, or, if necessary, the same operation 
is performed on the other metatarsal bones. The foot is immobilized in 
plaster for six weeks. At the end of throe weeks, the patient is allowed to 
walk by means of an iron secured to the plaster. 

This operation has been performed by the author in twenty-two cases 
during the past three years, and the results have been good. 
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CARTILAGINOUS INCLUSIONS IN RACHITIC BONES AND 
THEIR POSSIBLE RELATIONSHIP TO CARTILAGINOUS 

TUMORS=*= 

BY PAUL E. MCMASTER, M.D., LOS ANGELES, CALIFORNIA 
From the Department of Surgery of the University of Chicago 


Having observed and studied separate islands of cartilage in spon- 
giosa of bones removed at autopsy from a case of healed rickets, clinical 
and experimental investigations have been made to determine hov fre- 
quently this finding is noted. Clinical material for stud3dng rickets is 
scarce, as the disease is not fatal and it is rarely necessary to remove 
-rachitic bones at operation. Hence this study is made from the mate- 
rial obtained in the above mentioned case and in cases of experimentally 
produced rickets and from roentgenograms of clinical cases. 

The occurrence of islands of cartilage in the bone following rickets 
was noted by Virchow b Pappenheimer^, as well as others, has reported 
the presence of these “inclusions” in experimental rickets. During the 
active stage of rickets, Shipley ^ states that islands of cartilage are found 
in the metaphysis. He calls these pseudo-enchondromata. 

Since no mention of the occurrence of cartilaginous inclusions in the 
epiphyses following rickets could be found in the literature, either in 
reports of clinical cases or experimental work, the following case is re- 
ported in some detail. 


CASE REPORT 

A white female child, five years of age, with a past history of rickets and physical 
findings of a pigeon breast, Harrison’s groove, and a rachitic rosary died as a result of 
tuberculous meningitis. This was proved at autopsj-. Several long bones and portions 
of ribs and vertebrae were removed for study. Roentgenograms of the long bones 
(Fig. 1) show the rachitic process to be healed and only slight evidence of cartilaginous 
inclusions. Photographs of longitudinal sections of these bones reveal numerous separate 
islands of cartilage, especially in the epiphyses (Fig. 2). 

Sections made for microscopic study reveal numerous ‘‘rachitic inclusions” in the 
spongiosa of the epiphyses of the long bones (Fig. 3). in the ribs (Fig. 4 1 . and in vertebrae 
(Fig. 5). A few islands of cartilage are also noted in the metaphyses of the long bones. 
In each bone the rachitic process is healed. .-Vs is seen in Figures 3. 4. and o. the islands 
of cartilage are small to large. Some are undergoing calcification, others appear to he 
in osteoid trabeculae, while others seem to be “latent”. The cells of these cartilaginous 
inclusions reveal different types. majority are large with cytoplasmic changes and 
the nuclei show the fragmentation and irregularity commonly seen in the cells of the 
zone of calcification of the epiphyseal plate. In fact, calcification is occurring m a num- 
ber of these cell groups. Cells of other groups, however, arc smaller, the nuclei arc more 
regular, not fragmented, and spindle, oval, and round in shape, simulating somewhat the 
cells in the zone of proliferation of the epiphyseal cartilage. In a few of these latter 
islands of cartilage there is little or no evidence of calcification. The isolated islands 

* Read before the General Surgerv Section of the California Medical .\s'ociation. 
Riverside, May 3, 1934. 
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Fig. 1 


Roentgenograms of femur, tibia, fibula, and humerus from a clinical case of healed 
rickets. Slight irregularity in density in the lower femoral epiphysis (A) and in the 
upper humeral epiph 3 'sis (R). Compare with Figure 2. 

of cartilage cells seen in the ribs and vertebrae have a cellular structure similar to those 
in the long bones. 

It is of especial interest that the roentgenographic studies (Fig. 1) 
show only slight evidence of these islands of cartilage. This is of sig- 
nificance clinicallj" and proves that these rachitic inclusions may easily be 
overlooked. 
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EXPERIMENTAL WORK 

To make a further 
study of the occur- 
rence of cartilaginous 
inclusions subse- 
quent to rickets, the 
following experimen- 
tal work was done. 

One hundred and 
thirty-two young 
white rats and five 
young rabbits were 
used. Rickets was 
produced in all, with 
the exception of 
twenty rats and five 
rabbits which were 
used as a control 
group, uith the Mc- 
Collum diet No. 3143 
and the Steenbock 
diet No. 2965. Vios- 
terol and dicalcium 
phosphate were used 
to produce heaUng. 

The rate of healing 
was regulated, being 
produced slowly in 
some groups and more 
rapidly in others. 

^Yhether the ani- 
mals were normal, ac- 
tively rachitic, or 
healed rachitic, thej' were sacrificed and the following procedures carried 
out. The soft parts overhung the hind-leg bones were removed and in each 
leg the femur and tibia were amputated in tiie mid-siiaft, thus leaving 
the knee joint intact. Celloidin sections for microscopic study were made 
longitudinally through each specimen. This exposed the cpiphysi.^; and 
metaphysis of both the femur and the tibia. 

EXPERI.MENTAL RESULTS 

Twenty normal, non-rachitic, young rats and five young rabbits 
revealed normal epiphyseal lines; no separate cartilaginous inclusions were 
found. 

A second group of nineteen rats with active rachitic proce.-jse.s wa.' 



Fig. 2 

Longitudinal sections of bones shown in Figure 1. 
tMiite cartilaginous inclusions in spongy bone, especially 
in the epiphyses. The epiphyses, .4 and B, showed only 
slight irregularity in density in Figure 1. 
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Fig. 3 


"Rachitic inclusions” in humeral epiphysis. Articular cartilage, A; epiphyseal 
cartilage, B. 

studied. No antirachitic treatment had been given these animals, and 
none of the animals showed healing on microscopic examination. The 
typical widened, irregular, and disorderly arrangement of cells in the 
zone of cartilage proliferation was seen. Only an occasional patch of 
calcification in the zone of provisional calcification was observed. Al- 
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Fig. 4 


Richly cellular cartilaginous inclusion in rib from a clinical case of healed rickets. 


though the cartilage cells extended for a considerable distance into the 
[netaphj’’ses in irregular tonguelike jirocesses, very few separate islands 
if cartilage could be found in this region, and none in the epiphysc.', or m 
the cortical portions. 

In twenty-nine rachitic rats, healing took place rapidly (ten to four- 
teen days). Microscopically the rachitic process was practically healed, 
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Inclusions of cartilage in vertebrae from a clinical case of healed rickets. Ver- 
tebral cartilage plate, A. 


:as shown bj'- a narrowed and orderly arrangement of cells in the zone of 
-cartilage proliferation and also by a zone of calcification. In 66 per cent, 
of the rats in this group, islands of cartilage separate from the epiphyseal 
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TABLE I 

CARTILAGIKOtrS INCLTTSIONS IN BoNES AFTER RiCKETS. 
Twenty-Nine Rats. Healed Rapidly. 



Epiph 3 'sis 

Metaph 3 'sis 

Cortical Region 

Total Cartilaginous 
Inclusions 

Number of rats 

4 

11 

4 

19 

Occurrence 




66 per cent. 


plate were noted in the metaphysis, epiphysis, or cortical region (Table 1). 

In another group of forty-three rachitic rats, healing took place more 
slowly (fifteen to twenty da 5 '-s). Healing was present on microscopic ex- 
amination. Cartilaginous inclusions were found in 26 per cent, of the rats 
in this group (Table II). 

TABLE n 

Cartilaginous Inclusions in Bones after Rickets. 

Forty-Three Rats. Moderately Slow Healing. 



Epiph 3 'sis 

Metaph 3 'sis 

it X- 1 T» • Total Cartilaginous 

Cortical Region t i • 

Inclusions 

Number of rats 

3 

6 

2 11 

Occurrence 



26 per cent. 


In twenty-one rats inth an active rachitic process, healing took place 
slowly (twenty-two to more than thirt 5 ’^ daj^s). On microscopic examina- 
tion, the rachitic process was found to have healed and cartilaginous in- 
clusions were present in 19 per cent, of the rats (Table III). 

TABLE III 

Cartilaginous Inclusions in Bones after Rickets. 

Twenty-One Rats. Healed Slowly. 


Epiphysis Metaphysis 


Cortical Reftion 


Total Cartilaginous 
Inclusions 


Number of rats 0 3 1 4 

Occurrence 19 per cent. 


Figures 6, 7, and 8 show inclusions of cartilage in metaphysis. epiphy- 
sis, and cortical region, following experimental rickets. 

DISCUSSION 

From the foregoing experiments, it is seen that the majority of in- 
clusions in healed rickets are in the metaphysis, witii a lesser miiniier in 
the epiphysis and cortical region. The term “cortical region" is used in 
preference to “cortex", .as the cortex is not well formed in the meta]ihyseal 
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Fig. 6 

Cartilaginous inclusion in lower femoral metaphysis from a healed rachitic rat. 
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Richly cellular, cartilapinous inclusion (C) in lower femoral epiphysis from a 
healed raehitic rat. Epiphyseal line, .1. 
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Fig. S 

Cartilaginous inclusion (A") in cortical region from a healed rachitic rat. Corte.v, 
A; epiphyseal cartilage, B; periosteum, C, with associated giant cells. 
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region of a growing bone, and the experiments were not continued for a 
period long enough to see these mclusions actuall 3 ’' present in the cortex. 
The probable reason for fewer inclusions of cartilage in the bones of the 
animals in which healing took place slowlj’- is that the longer period of 
time used to produce healing allowed a prolonged opportimitj^ for replace- 
ment of the islands of cartilage bj' calcification and ossification. The fate 
of these islands of cartilage presents an interesting problem. As shown 
in these experiments, the rachitic rats in which healing took place slowlj’ 
showed the fewest number of cartilaginous inclusions. Microscopicallj' 
there was evidence of calcification and osteoid tissue in variable amounts 
in and about a large number of the inclusions. Hence it seems logical to 
assume that, with a longer period of healing and a return to normal 
growth, calcification and replacement bj’’ osseous tissue would occur in a 
majority of the inclusions. Should calcification and ossification not oc- 
cur in one or more of these islands, either with normal growth or as a 
result of some general disease, nutritional upset, or endocrine disturbance, 
a nest or nidus of cartilage cells would remain. 

The foregoing clinical case report illustrates that these islands of 
cartilage will persist after rickets for a considerable period of time. At 
the time of her death, this patient was five j^ars old, which is three to 
four jmars after the usual occurrence of rickets, according to Howard and 
Mills'*. These authors state that onty exceptionallj’ does rickets occur 
after two years of age and then it is usualty of the coeliac or renal tj’pe of 
which this child gave no evidence. In renal rickets, separate islands of 
cartilage are quite often noted in the spongj’’ bone of the metaphj’sis 

Thus, seeing that cartilaginous inclusions in bone do result from rick- 
ets and maj’- persist for some time after healing has occurred, the question 
arises: “What relation, if anjq maj’ these islands of cartilage have to 
the formation of cartilage tumors? ” As already’ noted, the cells present 
in the inclusions varj^ from a large, mature tj’pe of cell, seen in the normal 
zone of calcification, to a small, round, oval, and spindle-shaped cell similar 
to those seen in the normal zone of cartilage proliferation (Figs. 4 and 7). 
The presence in an inclusion of this more embrj’onic tj’pe of cartilage ceil 
suggests that hj’perplasia could result from such cells with production 
of a cartilaginous lesion. 

Whether hereditarj’ deforming chondrodj’splasia, which is usualh’ 
associated with multiple cartilaginous exostoses, is related to rickets or not 
is questionable. In this interesting condition, besides the definite hered- 
itary’ tendency so well pointed out by Ehrenfricd "> a congenital factor 
apparently exists, for the deformities and tumors may be found at 
birth®' *''> ". This would tend to eliminate rickets as an etiological 
agent, for, although some writers claim that congenital or foetal rickets 
does occur, a case of undoubted congenital rickets has not been reported 
so far, according to Howard and Mills* and Shipley". The multiple 
exostoses and deformities, often symmetrical, suggest, however, a dis- 
turbance in normal growth and ossification, due very likely to some niitri- 
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tional or metabolic disturbance which in this respect might simulate 
rickets. 

Certain ecchondromata are definitely related to rickets. Of these, 
the most commonly observed are the nodular outgrowths of cartilage felt 
at the costochondral junction during or after rickets and spoken of as a 
“rachitic rosary”. These nodules are due to an abnormal and irregular 
hyperplasia of cartilage concurrent with active rickets. With healing of 
the rachitic process, many of these nodules disappear. 

It seems quite probable that chondromata might develop from the 
islands of cartilage which persist in the spongy bone after rickets. Some 
of these islands contain a proliferating type of cell. Hyperplasia of these 
cells, or a reversion to a more embryonic type by the elements in such an 
island, could result in the formation of a chondroma. Single chondromata 
are located largely in the phalanges and metacarpals and, as pointed out 



Fig. 9 

Active rachitic process in both epiph 3 'seal regions of the knee in a girl two years 
old. Fracture in upper third of femur. 
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by Phemister*-, rachitic inclusions there would be less often expected than 
at the ends of the long bones which grow rapidly. No record of rachitic 
inclusions in these small bones was found in the literature and studies of 
these small bones were not made in the foregoing clinical case or experi- 
ments. Benign cartilaginous tumors have been reported a number of 
times as occurring in long bones, ribs, and vertebrae, which are the loca- 
tions where rachitic inclusions were found in the case reported here. 

The persistence of a rachitic inclusion in the cortex, occurrence of 
which is less frequent than in the spongy bone, might ser\'e as the nidus 
for the development of an exostosis. Ehrenfried demonstrated the 
presence of clumps or nests of cartilage cells persisting uncalcified in the 
thickened and hyperactive periosteum and cortex of the end of the shaft 
in a case of hereditary deforming chondrodysplasia. These groups, he 



Fig. 10 

Roentgenograms of case shown in Figure 9 . taken fifty-two daj-s later. Rachitic 
process practically healed and abundant bony callus at fracture site. Note area of 
reduced density in the femoral metaphysis with semilunar nng of incre.ased density 
about the medial portion. The cortex is expanded and partly absent on the lateral 
surface of the area, which may represent a cartilaginous inclusion. 
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Fig. 11 

Roentgenograms of case shown in Figures 9 and 10, taken two years later. No 
sign of the rachitic inclusion or fracture. The rachitic process has healed. 


stated, may develop later into cartilaginous exostoses or chondromata. 
Whether such a growth would occur spontaneously or follow some stimu- 
lus, such as trauma, it is difficult to say. The following case report and 
study is of interest in this respect. 

A Mexican female child, two years of age, entered the University of Chicago Clinics, 
Juty 10, 1931, following a fall in which she sustained a fracture of the upper third of the 
right femur. Phj^sical examination revealed, in addition to the fracture, a rachitic rosary 
and swollen, somewhat tender epipl^ses. The child was well developed, but slightly 
undernourished. 

Figure 9 shows the fracture in the upper one-third of the femur and, at the knee, the 
tj’pical widening, irregularity, and haziness of an active case of rickets. 

Figure 10 shows the roentgenograms of the same case taken fifty-two da 3 's later, 
following active antirachitic treatment. Abundant bony callus at the fracture site is 
seen, and the rachitic process is practicall 3 ' healed. In the lateral portion of the lower 
femoral metaphysis is a somewhat C3'stic appearing area of decreased density, occup3dng 
a subcortical location and causing a distinct c.xpansion with marked thinning of the 
overlving cortex. A portion of the lateral margin of the mass seems devoid of cortical 
covering. Surrounding the mass, e.xccpting the lateral portion, is a ring of increased 
dcnsit 3 - (calcification). This entire area is .separate from the opiph 3 ’seal line. 


THE jounxAL OF noxE a.vo joi.vt snuermv 



CARTILAGIXOUS IXCLUSIOXS IX RACHITIC BOXES 


387 


Roentgenographic studies were made of these bones two 3 'ears later (Fig. 11). 
The site of the pre^^ous fracture is not demonstrable. No evidence of rickets is seen and 
the “rachitic inclusion” has disappeared. 

An analysis and interpretation of the roentgenograms in this case are 
of importance in this paper. The rachitic process was well healed after 
fifty-two days of active antirachitic treatment, as was the fracture after 
a similar period of immobilization. The point of interest is the somewhat 
cystic appearing area of decreased density found in the lower femoral 
metaph3’^sis after fift3’^-two days of treatment. Because of the location of 
this area and the peripheral ring of calcification about it, it undoubtedl3’' 
is a cartilaginous inclusion. The expanded, thinned, and partl3'^ absent 
cortex overl3dng the mass suggests that the cartilage in the inclusion had 
been proliferating with extension into and even be3mnd the cortical 
region. Roentgenograms taken two 3^ears later showed that replacement 
and effacement of the mass b3’^ ossification had occurred. Had calcifica- 
tion and ossification of this cartilaginous inclusion not occurred, it might 
well have sen-ed as the nidus for either a cartilaginous exostosis or a 
chondroma. 

■\'irchow * thought that cartilaginous inclusions which persisted in the 
spongiosa following rickets might lead to the formation of enchondromata 
(central chondromata) and if the3'' persisted in the compacta might lead 
to ecchondromata. Flinker*'' believed that he could trace cartilaginous 
exostoses back to rickets. Also, he considered dwarfism, cretinism, and 
gigantism important as etiological factors. I\le3'erding studied a series 
of 265 exostoses in 232 patients and concluded that heredit3’' and metabolic 
disturbances in childhood are more important and trauma less important 
than the histories of his patients would indicate. Honeij thought that 
an exostosis could result from periosteal growth stimulated b3' iniur3’, 
while Sudler*' believed that trauma was important in the formation of 
cartilaginous tumors. 

Haas'", in discussing the etiolog3’' of ecchondromata, stated that 
rickets ma3^ be the exciting agent. He also mentioned that in some cases 
of enchondroma trauma, misplaced islands of cartilage, and rickets arc 
all important etiological factors. Wagner'® considered injuiy important 
in the formation of enchondromata of the pelvis. 

From experimental information, Helmliolz'® believed that a clion- 
droma might result from stimulation of perichondrium or connective 
tissue with a transformation into cartilage. 

Geschickter and Copeland state tliat cartilaginous tumor.' take 
origin from blastemie or prccartilaginous connective-tissue rcnmant.s. 
Tims the3' cx]ilain chondromata as originating from a persistence of tliis 
tissue, which, through a failure of mucoid regression, is responsible for 
origin later of cartilaginous i.slands in the bone from which these tumors 
arise, .■\ccording to these authors, single exostoses ma3' occur as the 
result of trauma to a normal cartilaginous growth zone or where aberrant 
strands of blastemie tissue have been left behind to form embri'onic cell 
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Fig. 12 

Cartilaginous exostosis of the femur occurring apparently as the result of direct 
trauma. 


rests. They state that an imbalance in growth of a normal bony protuber- 
ance, intended for the anchoring of an important tendon, and persisting 
precartilaginous connective tissue in the tendon end will lead to the forma- 
tion of an osteochondroma. 

Only as rachitic inclusions might be related to the formation of 
chondromata and exostoses would rickets have any relation to the devel- 
opment of malignant tumors of cartilage. Malignant degeneration of a 
cartilaginous exostosis occurs occasionally A chondroma may lead to a 
malignant neoplasm, according to Geschickter and Copeland-®. They 
assume that neoplasms arising in the periphery of a bone have their 
origin in embrjmnic or cartilaginous rests. They do not mention the 
metamorphological phenomenon, pointed out by Phemister®^, that tumors 
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arising about the periphery of the bone often go through the fibrous, 
cartilaginous, and osseous stages, just as does peripheral callus m the 
heahng of a fracture. Phemister believes that the finding of cartilage in 
the outer portions of the tumor is no more a sign that the tumor arose 
from cartilage than is cartilage in the same region of a callus a sign of its 
cartilaginous origin. 

That certain benign cartilaginous tumors may take origin from a 
persistence of strands or a nest of precartilaginous connective tissue, as 
shown by Geschickter and Copeland-®, is not questioned, but it seems 
doubtful that all cartilaginous tumors arise from such an embiyonic rest. 
It appears that other factors and conditions are responsible for the devel- 
opment of some of these tumors. Rickets, giving rise to islands of carti- 
lage, containing a proliferating t 3 rpe of cell, which persist even after 
healing has occurred, cannot be entirety ruled out as an etiological factor 
in certain cases in the formation of benign cartilaginous tumors, especiallj’’ 
chondromata. 

Trauma is often mentioned bj’^ patients as the exciting cause for bonj- 
tumors. This is undoubtedty the factor that calls the attention of the 
patient to an unrecognized preexisting tumor in a number of cases. In 
many cases, however, there is a definite historj' of injury preceding the 
appearance of a tumor and it does not seem possible to disregard this 
factor entirety. ICleinberg -- reported a case of periosteal chondrosarcoma 
in the upper end of the tibia in a nineteen- 3 ’^ear-old bo}', in wliicli lie 
thought trauma was the inciting cause. Figure 12 shows luentgenograms 
of an exostosis of the femur in an interesting case. 

This patient, a white male, twenty-four years of age, entered the Los .Angeles County 
General Hospital in November 1933. Eight years preriously he had injured the same 
region in a fall. Sometime later he noticed a swelling which grew slowly for approximately 
four j-ears, remaining stationary after that. Pain around the swelling caused him to sock 
some relief. This pain was explainable by an overlying inflamed bursa discovered at 
operation when the bursa and tumor mass were excised. The exostosis was not at a 
tendinous insertion. There was no family history of similar tumors. The patient 
presented neither historj' nor physical eaidence of previous rickets. There had been no 
serious ailments of childhood or adolescence. The pathological studies of the excised 
tumor revealed typical gross and microscopic findings of a cartilaginous e.xo'to.^is. 

In this case, as far as could be determined, trauma seemed to be the 
exciting cause of the growtli. It seems unnecessarj' and depend.? too 
much on an element of chance to assume that a rest of blastemic or pre- 
cartilaginous tissue would have had to be present at tlie point of injur}’ 
to cause this tumor, as claimed bj’ Geschickter and C'opcland-®. Meta- 
plasia of the connective-tissue elements found normalty in the structures 
surrounding bone might account for the formation of cartilage and bone, 
in the same waj"- that these elements, stimulated bj’ the trauma of a 
fracture, lead to the formation of cartilage in the peripheral callus and 
subsequentty to the formation of osseous tissue. Mallory has rccentty 
pointed out the metaplastic properties of fibrous-tissue elements in the 
formation of tumors of soft parts containing bone and cartilage. 
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SUMMARY 

1. Cartilaginous inclusions in the epii^hyses and nietaphyses of the 
long bones, as well as in the libs and vertebrae, were found at autopsy in a 
case of healed rickets. 

2. These inclusions, although fairly numerous, showed only faintly 
in the roentgenograms; hence such inclusions might easily be overlooked 
in clinical roentgenographic studies of rickets. 

3. In experimental work on rats, cartilaginous inclusioiis were found 
in the metaphyseal, epiphyseal, and cortical regions of bone in cases of 
healed rickets. 

4. Microscopic studies revealed that calcification was taking place 
in many of the inclusions. A fcAv, hoAvevei-, appeared to be “latent ” Avith 
slight, if any, eAudence of calcification, and contained cells somcAAdiat 
similar to those seen in a normal zone of proliferation in an epiphyseal 
plate. This proliferating type of cell in these rachitic inclusions might 
possibly serve as the “nidus” for benign cartilaginous tumors of bone. 

5. In the case of fracture and rickets presented, the roentgeno- 
grams, taken after healing had occurred, shoAved a large expanded circum- 
scribed area in the cortical region of the loAver metaphysis of the femur 
suggestiAm of a rachitic cartilaginous inclusion. This had disappeared 
tAvo years later. 


REFERENCES 

1. Virchow, R. : Chondrome. /a Die Krankhaften Geschwiilstc, I, 435. Berlin, 
August Hirschwald, 1863. 

Uebcr multiple E.xostosen, mit Vorlegung von Praparaten. Berliner 
Klin. Wchnschr., XXVIII, 1082, 1891. 

2. Pappenheimer, A. M.; E.vperimental Rickets in Rats. VI. The Anatomical 
Changes Which Accompanj^ Healing of E.xperimental Rat Rickets, under the 
Influence of Cod Liver Oil or Its Active Derivatives. J. Exper. Med., XXXVI, 
335, 1922. 

3. Shipley, P. G. : Rickets. I?t Practice of Surgeiy by Dean Lewis, III, Chap. 2. 
Hagerstown, Maryland, W. F. Prior Company, Inc., 1929. 

4. Howard, C. P., and Mills, E. S. : Rickets. /?» The Oxford Medicine, IV, Chap. X, 
p. 229. New York, Oxford University Press, 1927. 

5. Mitchell, A. G.: Nephrosclerosis (Chronic Interstitial Nephritis) in Childhood. 
With Special Reference to Renal Rickets. Am. J. Diseases Children, XL, 101, 1930. 

6. Parsons, L. G. : The Bone Changes Occurring in Renal and Coeliac Infantilism, and 
Their Relationship to Rickets. Part I. Renal Rickets. Arch. Disease Child- 
hood, II, 1, 1927. Part II. Coeliac Rickets. Arch. Disease Childhood, II, 198, 
1927. 

7. Ehrenfried, Albert: Hereditary Deforming Chondrodysplasia — Multiple Car- 
tilaginous E.xostoses. A Review of the American Literature and Report of Twelve 
Cases. J. Am. Med. Assn., LXVIII, 502, 1917. 

8. Vaughan, R. T. : Multiple Exostoses : A Hereditary Affection of the Bony Skeleton. 
J. Am. Med. Assn., LXII, 231, 1914. 

9. Jaeger, Hans: Kongenitale gelenkige Verbindung von E.xostosen dcr Rippen und 
Ahlfelds Lehre der intrauterinen Atembewegungen. Corr.-Blatt f. Schweizer 
Aerzte, XLIX, 1461, 1919. (Abstracted in J. Am. Med. Assn., LXXIII, 1501, 
1919.) 


the journal of bone and joint surgery 



CARTILAGINOUS INCLUSIONS IN RACHITIC BONES 


391 


10. Honeij, J. a. : a Studj' of Multiple Cartilaginous Exostosis. Four Cases ■with 
Report of Calcium and Magnesium Metabolism in Two Cases. Arch. Int. Med., 
XXV, 584, 1920. 

11. Boggs, T. R. : Multiple Congenital Osteochondromata with Degeneration of Cranial 
Nerves and Muscular Dj-strophj*. Report of Case. Bull. Johns Hopkins Hosp., 
XXIV, 210, 1913. 

12. Pheiiister, D. B.: Personal communication. 

13. Ehrexfried, Albert; Multiple Cartilaginous Exostoses — Hereditarj- Deforming 
Chondrodysplasia. A Brief Report on a Little Known Disease. J. Am. Med. 
Assn., LXIV, 1642, 1915. 

14. Flinker, Arnold: Zur Lehre von der Exostosis cartilaginea multiple.x und ihren 
Beziehungen zur Rachitis. Wiener klin. Wchnschr., XXII, 1326, 1909. 

15. Meyerding, H. W.: Chondromas. J. Orthop. Surg., II, 77, Feb. 1920. 

Exostosis. Radiologj', VIII, 282, 1927. 

16. SuDLER, M. T.: Enchondromata, with Special Reference to the Scapula. Surg. 
Gjmec. Obstet., XIX, 761, 1914. 

17. Haas, S. L.; Bones, ht Practice of Surgerj- by Dean Lewis, II, Chap. 1. Hagers- 
town, Mar 3 'land, W. F. Prior Company, Inc., 1929. 

18. Wagner, J. H.; Chondroma of the Pelvis. Surg. Gj-nec. Obstet., XXIII, 604, 
1916. 

19. Helmholz, H. F. : An Experimental Multiple Chondroma. Bull. Johns Hopkins 
Hosp., XVIII, 369, 1907. 

20. Geschickteh, C. F., and Copeland, M. M.: Tumors of Bone. New York, The 
American Journal of Cancer, 1931. 

21. Phemister, D. B.: Chondrosarcoma of Bone. Surg. Gynec. Obstet., L, 216, 1930. 

Personal communication. 

22. Kleinberg, S.: Periosteal Chondro-Sarcoma. Intemat. Chn., II, 247, 1923. 

23. Mallory, T. B.; A Group of Metaplastic and Neoplastic Bone- and Cartilage- 
Containing Tumors of Soft Parts, J. Pathol., IX, 765, 1933. 


VOL. XVII. NO. e. APRIL I0.15 



THE TREATMENT OF FRACTURES OF THE OS CALCIS 

BY HAROLD B. CONN, M.D., AKRON, OHIO 


The advocation of any new plan of management for fractures of the 
os calcis almost demands, as a background, the presentation of an intro- 
ductory review, considering the average lost time and the amount of final 
disability resulting from both the new method and all previously accepted 
programs of treatment. 

Two years ago such a compilation was begun and only recently reluc- 
tantly abandoned for reasons peculiar to the present economic upheaval; 
The majority of these unfortunate patients are or were wage earners but,- 
whereas in the past suitable sedentary or light employment was readily 
available following recovery, the industrial retrenchment and wide-spread 
unemployment has made it impossible for many of them to find any type 
of work. A few remarkably honest patients have admitted full recovery, 
but the majority have demanded and received State compensation or, in 
many instances, what amounts to prolonged unemployment insurance, 
based upon allegations of vague but constant pain. As an example, one 
patient, following a severe unilateral fracture, returned after eleven weeks 
to an occupation requiring thirty hours a week on a concrete floor; in ad- 
dition he continued as a week-end golf caddie for seven months without 
pain or complaint. The advent of winter stopped both activities, but in- 
cited sudden disabling and violent pain which contmued unabated for five 
months, when permanent reemployment effected immediate relief. Cer- 
tainly the presentation of statistics so distorted can be of no practical value. 

TYPES OF FRACTURES 

It is nevertheless imperative to statistically identify the character and 
the incidence of the type of fracture here considered and possibly the fol- 
lowing personal series will be accepted as reasonably representative of the 
general experience. If so, it will be noted that approximately 85 per cent, 
of all fractures of the os calcis are of the squash type, presenting some 
degree of upward displacement of the tuberosity with eversion and lateral 
expansion (Fig. 1). This type, by reason of the displaced lateral bone, 
usually evicts the peroneal tendons from their normal grooves and not 
infrequently causes impingement between the os calcis and the external 
malleolus. 

A total of seventy-four patients presented eighty-three fractures of 
the os calcis, nine being bilateral lesions. Seven patients presented uni- 
lateral, inconsequential chip or incomplete fractures, capable of spon- 
taneous and complete repair. The infrequent avulsion type of lesion was 
found four times. Twenty-six lesions were ancient, the remainder were 
fresh or of less than two weeks’ duration. Four of the nine bilateral cases 
were ancient, the remainder fresh. In two of the fresh and one of the 
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ancient bilateral cases radical interference was refused, as it was also in one 
fresh and one ancient unilateral case. It will be noted that where opera- 
tion was indicated the refusal rate was approximately 9 per cent. In at 
least four of these cases the refusal was attributable to extraneous medical 
advice, apparently obtained from sources particularly unfamiliar with the 
disabling character of these lesions, a clear indication for an educational 
campaign. 

Deducting from the total of eighty-three fractures seven trivial 
lesions and four fractures of the avulsion type, there remain seventy-two 
fractures presenting the squash type of lesion with disruption of the 
tuber angle and lateral expansion of the tuberosity. It is this group with 
which we are hereafter solely concerned. The twenty-six ancient lesions 
all presented pronation of the heels, planus of the long arches, and ■^•algus of 
the forefeet with persistent disabUng pain. Uniformly the patients com- 
plained of a high loss of lateral motion, pain characteristically referred 
anterior to the subastragalar joint, usually to the dorsum of the foot in 



Fig. 1-.\ Fig. 1-B 


Schpm.itic ])ostprior view showing .t Fhows .-i typical fr.ictun' witli e\cr- 

tATiical fracture with eversion and com- sion of the tuhero-ity of the o- calri-'. 
pression of the tuberosity (squash Note the depres-ion and fracture f if the 

iNTiel. Koto the untoward bone im- sustentaculum tab in each le-ion. 

pinpinp on the external malleolus. 
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fiont of tho cxtciJia] rirUcoJus Rud to tho sole of tho foot in tli6 region of 
the hohoAV of the long arch. Peroneal spasm was a constant finding. As 
previously noted, five patients with eight lesions refused treatment, so 
that the total number of treated fractures is reduced to sixty-four. 

These readily fall into four distinct groups: 

1. Thirty-nine both early and late lesions, treated by subastragalar 
arthrodesis Avith or Avithout Magnuson’s regrooAung for the peroneal 
tendons; 

2. FiA^e fresh fractures, treated by combined forcible lateral com- 
pression and skeletal traction; 

3. Fourteen fresh cases, tJ'eated by a tAA^o-stage program of lateral 
compression and skeletal traction, folloAved five Aveeks later by combined 
subastragalar, astragaloscaphoid, and calcaneocuboid fusion; 

4. Six ancient lesions treated by this same triple fusion. 

Unfortunately, as has been explained, exact conclusions I’egarding 

the end results from these Amrious procedures are noAv impossible. Gen- 
eralities may indeed glitter, but they need not be willfully deceitful, and 
they probably here reflect a fairer picture than the patient’s oaaui estimate 
of his final disability, tinctured as it usually is by a desire for the greatest 
possible permanent disability aAA^ard, and embittered as he often is by 
early mistreatment and subsequent unemployment. 

LIMITATIONS OF SIMPLE FUSION 

Simple subastragalar arthrodesis failed to yield satisfactory feet in at 
least one-third of the fresh and in certainly one-half of the late lesions in 
this series. This might have been anticipated, had Ave fairly considered 
its limitations. To be sure, it relieves attrition in the disrupted subas- 
tragalar joint and offers something toward the correction of the eversion 
of the tuberosity and the flattening of the tuber angle, but conversely it 
aggravates rather than relicAms any existing foreshortening of the tuber- 
osity, because of the additional bone loss incident to the joint excision; 
and it does nothing to correct the malalignment of the neck and head of 
the astragalus in relation to the scaphoid. Further, the eversion if severe 
is hard to correct by subastragalar arthrodesis, because of the technical 
difficulty of cutting a bony AA'edge AAuth the base in the depth of the Avound. 

In searching for all of the causes contributing to the high percentage 
of unsatisfactory results from this operation, it Aims observed that in about 
8 per cent, of the patients bony fusion AA^as either doubtful or absent. 
Curiously enough this same failure to secure bony fusion Aims present in 
approximately an equal percentage of the satisfactory feet. The logical 
deduction seems to be that fibrous union frequently folloAV'-s the operation, 
and that it is not necessarily the explanation as to Avhy protracted dis- 
ability exists. The major cause of failure aa^s next attributed to the 
unreduced upAAmrd disiilacement or shortening of the tuberosity; therefore, 
Bbhler’s program of lateral compression, folloAved by direct skeletal trac- 
tion to restore the tuber angle, A\'as AA’elcomed. Nevertheless, information 
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was sought as to how such allegedly excellent results could be obtained in 
the presence of a roughened and distorted inferior subastragalar joint sur- 
face, and the assurance was received that the restoration of the tuber angle 
and the secondary correction of any eversion reduced the destructive serra- 
tion in this joint, thus obviating the necessity for any open interference. 

The construction of the ill-fated Zeppelin “Akron” offered an oppor- 
tunity for the treatment of five lesions under ideal conditions. They were 
subjected to Bohler’s treatment meticulously applied, but the final results 
were indifferent. The general contour of the feet was distinctlj’^ im- 
proved; however, the residual lateral motion w'as limited and always 
painful. A succession of roentgenograms indicated the slow but steady 
disintegration of the normal subastragalar-joint cartilage, associated with 
a progressive increase in pain and lameness. 

The fifth of these patients suffered a mild fracture of the squash type 
with onl3'^ slight upward displacement of the tuberosity and with no visible 
fracture lines entering the subastragalar joint. Six weeks after reduction 
he presented an almost complete loss of lateral motion with peroneal 
spasm and mid-tarsal pain on w^eight-bearing. This unexpected result, 
following four previous disappointments, was not long deliberated; on the 
contrary, the subastragalar joint was surgically explored. Notwithstand- 
ing the mild character of the initial lesion, the restoration of the tuber 
angle, and the absence in the early roentgenograms of visible fracture lines 
involving the subastragalar joint, the cartilage presented astonishing 



Fig. 2 

The astnipalus tilted to permit visualization of the recipmeal articulatinc earti 
laRe.s. The eorre.siJondiiiK numer.ils indicate the surf.aces iiorm.alIy apiKj^al. 
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roughening .'uul erosion. This finding was not easy to accept but, hoping 
lhai it might he the o.x'pianation for the protracted pain in the four pre- 
viously trealed fractures, they were promptly explored, and in none was 
flK'rc anylhing like satisfactorily smooth apposing surfaces (Fig. 2). 
dliis, howoA^cr, was not the whole story. 

In 1029, the writer described occasional lesions of the os calcis, pre- 
senting fracture lines extending into the calcaneocuboid articulation, and 
suggested that these fractures be treated by arthrodesis. It had been ob- 
served that these lesio 2 is untreated gave rise to persistent pain, but the 
cause was erroneously considered to be non-union of the fragments rather 
than the much more obvious roughening of malalignment of the apposing 
articular surfaces. This joint, it will be recalled, underlies the familiar 
site of chronic pain, particularly in the ancient and untreated cases, while 
the next most familiar site of pain, — namely, the hollow of the long arch— 
underlies the astragaloscaphoid joint. Having unexpectedly found dis- 
ruption of the subastragalar joint, unrevealed by the roentgenograms, 
these later articulations fell under suspicion and were at first hesitatingly 
fused. The expected roughening and erosion were not often observed; 
the final results, however, were distinctly better. Apparently from false 
premises a logical conclusion had been drawn. 

ANATOMY 

In seeking the real explanation for the improA^ed results, a particular 
anatomical study Avas necessary for Avhich grateful acknoAvledgment is 
made to Dr. MacEAA’en. HoAveAmr, before consideilng the noiunal ai’clii- 
tecture, certain phases of the AAweekage incident to crush fracture must be 
understood. The operatiAm findings had constantlj^ revealed disruption 
of the subastragalar joint and depression of the sustentaculum tali Avher- 
eAmr there had been palpable thickening of the tuberosity of the os calcis 
or any limitation in the normal range of motion, — this despite roentgeno- 
grams frequently negatiAm for joint inAmlAmment. Just AA'hy so much 
faith AA^as formerly placed in the roentgenographic examination is difficult 
to explain, Avhen obAdously eversion of the os calcis AAUth inAvard rotation 
of the astragalus could not exist AAothout fracture. The apposing joint 
surfaces are flat; therefore, if rotary displacement occurs, something must 
yield and this Avill usually be the Aveak shelflike sustentaculum tali. 

Depression of the sustentaculum tali is here stressed because, as Avill 
be explained, it offers the most logical explanation for many of the thera- 
peutic failures (Fig. 3). It has already been intimated that much of the 
late pain and disability may be attributable to difficulty anterior to the 
subastragalar joint, but this is not as contradictory as it seems, for the 
anatomical study has shoAvn that depression of the sustentaculum tab 
permits suhluxation of the astragaloscaphoid and calcaneocuboid joints. 

Recalling the familiar -construction of the long arch of the foot, in 
AA’-hich the posterior pillar is the tuberosity of the os calcis and the anterior 
pillar the metatarsal bones, it aatII be observed that the astragalus rides 
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the summit of the arch, walking beam fashion. The term “arch ” is appar- 
ently a misnomer, for the essential Roman keystone is absent. It is more 
nearly a laminated bow, broken in the middle at the astragaloscaphoid 
and calcaneocuboid joints, articulations Avhich physiologically act as re- 
ciprocating units. Anatomically, although not presenting communicat- 
ing synovial cavities, the two joints usurp the whole transverse diameter 
of the bony foot and are functionally coordinate. They present a saddle- 
like articulation on the scaphocuboidal aspect, into which is thrust the 
ovoid contour of the combined astragalar head and anterior articulating 
surface of the os calcis. Piersol says these joints are not of the true ball- 
and-socket type, but permit only a screivlike activity and absorb the for- 
ward thrust of weight-bearing as transmitted through the tibia to the 
astragalus and secondarily to the os calcis. He later considers these joints 
as entities and concludes that the stresses absorbed through the astragalo- 
scaphoid articulation are those transmitted to and through the first and 
second metatarsal bones, while those of the third, fourth and fifth meta- 
tarsals are transmitted to the calcaneocuboid joint. The deep posterior 
or inferior capsules of these two major mid-tarsal joints are reenforced by 
blended reduplicating bands or fibers known as the deep plantar ligaments. 
These fibers jDermit an interesting physiological mobility viewed in a dis- 
sected foot, yet are the first line of defense against any disruption of the 
normal anatomical relationship. 

Further complicating the structural problem invoh^ed, is the surgical 
continuity of the subastragaloid and astragaloscaphoid articulations. 
Crossan attributes this observation to the late G. G. Davis who taught 
that subastragalar fusion without contemporary astragaloscaphoid fusion 
was unsatisfactory and unsound. He considered the two articulations 
despite their independent synovial compartments as a single physiological 
unit and as such to be ahvays subjected to combined surgical attack. 
Although this idea was only applied to juvenile deformities, the conclusion 
is equally applicable to the derangements occasioned by fracture. With 
the observations of Piersol and Davis the writer completely concurs, and 
he believes that they furnish a valuable clue to the reason for the frequent 
failure to obtain painless feet by simple subastragalar fusion. 

Attention is called to the fact that the central portion of the as- 
tragalus is clearly supported or balanced on a facet articulating directly 
with the sustentaculum tali, while the posterior extremity articulates with 
the posterior articulating surface of the os calcis — these two being usually 
considered as the true subastragalar joint; the head of course articulates 
with the scaphoid. We have already observed the absence of a rigid arch 
and should further note the hinge or cart-spring type of construction in 
which resiliency is obtained by a basal calcaneocuboid metatarsal arc 
whose center is hinged by the deep plantar ligaments and whose extremi- 
ties are prevented from extension by the bow-string action of the super- 
ficial plantar ligaments and fascia. Rupture of these last structures has 
never been observed; hence the violence is expended at the major hinge, 
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with resulting bony distortion and dissolution of the deep capsular tissue 
and ligaments. Fracture lines then invading the subastragalar joint and 


Fig. o-A 




Fig. .S-B 


Typical lateral roontgenoRrams .^liowinii (Fic. normal left foot, and i Fic .VB • 
ancient squa.'li fracture of the riclit os caleis of inodenite .seventy. No'i- the 
flattening of the tuber angle, the disniptcii calcaneoculxud a^tmgalar juticTma ami 
theastragaloscaphoid luxation. 
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depressing the sustentaculum not only distort the posterior column of the 
long arch and induce unloearable strain upon the superficiol plantar liga- 
ments, but are responsible for malalignment of all the reciprocal articula- 
tions of both the calcancum and the astragalus. 

Returning to a consideration of the mechanical faults inherent in a 
shnple subastragalar arthrodesis, it will be noted that it only accomplishes 
repair of the damaged posterior pillar, offering no relief for the equally 
serious major mid-tarsal joint distortion, and it in no measure relieves the 
strain upon the damaged deep plantar ligaments (Fig. 4). The interrela- 
tion, both functional and structural, between the subastragalar and the 
asti'agaloscaphoid joints is so close that, where the sustentaculum tali is 
depressed and its fulcrumlike function destroyed, a fixation of the posterior 
extremity by fusion is an obvious mistake. Further mechanical strain is 
invited by this operation which fastens one end of the astragalus spring- 
board fashion, while the other is allowed to extend unsupported and mis- 
aligned foi’Avard to endure the body weight (Fig. 5). 

With these facts appraised, multiple fusions routinely done to include 
the subastragalar, the astragaloscaphoid, and the calcaneocuboid joints 
seem not only logical but conservative. Thoroughly done, the operation 
eliminates the os calcis, the astragalus, the tarsal scaphoid, and the cuboid 
as entities, and produces one solid bony mass with an unvaiying predetei'- 
minable functional loss. All lateral ankle motion is eliminated, but this is 
scarcely a demerit, since untreated these fractures lasult in an almost simi- 
lar loss to which is added persistent pain, particularly severe where a few 
degrees of motion are retained. The rotary mobility and the slight an- 
teroposterior flexibility at the combined calcaneocuboid and astragalo- 
scaphoid articulations is also sacrificed, but again the same considerations 
prevail as with the loss of lateral mobility. The initial violence will usu- 
ally have so seriously disrupted these joints that treated expectantly a 
high degree of lost function will prevail, while any residual motion will 
serve as a source of enduring pain and disability. In fact, these few re- 
maining degrees of lateral and mid-tarsal motion in the unfused cases 
fui’nish the only explanation for the constajit pain and prolonged disability 
noted by every author in the bibliography. Fortunately the extreme 
rigidity following triple fusion is ti-ansient. A montli or six weeks of ac- 
tive weight-bearing induces a gratifying compensatory mobility in the 
anterior tarsal joints, so deceiving that in the early cases the success of the 
fusion was doubted. 

Aniong the benefits of triple fusion must be listed the positive restora- 
tion of the normal contour of the foot and the permanent preservation of 
the long arch. To these should be added the correction of any eversion of 
the tuberosity and the elimination of untoward bone encroaching upon the 
peroneal tendons or the external malleolus. 

TREATMENT 

In developing the present plan of treatment, the final results have 
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stronglj' indicated the fallac3’’ of permitting weight-bearing in the period 
between the initial reduction extension and'the secondarj’’ triple fusion. 
This converts the fresh lesion mto an ancient one and invites not onlj^ 
pathological but ps3’’chological inhibitions. The necessit}^ for a two-stage 
operation is alwaj-^s explained to the patient. The first stage is completed 
as soon as the initial hematoma has at least partiallj’’ disappeared under a 
compression bandage; this usuallj'- occupies two to four days. 

At the primarj’- operation a heavi"^ wood cle^■is with interchangeable 
jaws, one set kidney-shaped, the other cylindrical, is used for the com- 
pression and manipulation. Compression alone is not adequate; the 
tuberosity must be firmly clamped and rocked in order to break up all 
existing impaction. Thereafter, steel transfixion pins are inserted through 
the lower tibia and the tuberositj'^ of the os calcis as recommended bj^ 
Bolder. Several ingenious methods for accomplishing extension have 
been published, all with a measure of merit; none, however, have been en- 
tirely adequate in their ability to correct both the upward displacement 



Fig. C 

Sketch of the author’s traction apiiaratus for reduction of the uinvani di-place- 
incnt and the forc.sliortcninf; of the tuberosity of the os calcis. l’o~ition« of the 
tmnsfi.xion nins are shown, also the slotted metal .strips, two of which are incor- 
porated in tile plaster east to fix the e.vtension. .1 indicates the extiui-ion ne-chan- 
ism; B. the elevatinc screw; and C, the heel nx-t. D indicates the .-lidini arc, 
permittinp control of the jxisition of the heel. 
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and the foreshortening of the tuberosity. Since these two deformities are 
usually coexistent and both of serious import, the apparatus shoAvn in 
Figure 6 was evolved. With this device, the correction is most efficient if 
strong downward traction is first made by tightening the extension screw. 
This widely separates the two transfixion pins and places the site of frac- 
ture under tension. The heel rest or fulcrum is then forced sharply up- 
ward, without relaxing the extension; and the resulting strain will induce 
posterior elongation. The lower caliper is adjustable, so that the heel may 
be properly inverted during the process of reduction and no elaborate care 
need be taken to insert tlie lower ]n‘n in exactly the right plane. A well 
padded cast is then applied, beginning below the knee and extending to the 
toes. Originally the cast was closely applied about the pins, but it was . 

noted that, unless sev- 
eral hours were al- 
lowed to elapse v'ith 
the extension appara- 
tus in place, the relief 
of tension incident to 
the removal of the 
apparatus allowed a 
considerable loss in 
the forcibly acquired 
extension. This 
was overcome by 
thin, slotted, metal 
strips which, just be- 
fore the completion 
of the cast, are slipped 
over the pins and in- 
corporated in the cast 
by additional ban- 
dages. The cast is 
then cut away to per- 
mit the removal of 
the heel rest and tlie 
resulting defect repaired by the application of a bandage. 

The attempt to apply unpadded plaster yielded nothing but trouble. 
Generally a considerable reaction follows the application of compression 
and the manipulation, so that the resulting swelling necessitates splitting 
and loosening of the cast, always difficult in the absence of padding. Since 
there is no valid reason for the application of an unpadded cast, a generous 
amount of sterile sheet wadding is applied and the cast is split in anticipa- 
tion of trouble. The incorporated metal strips obviate any concern about 
the loss of reduction, if necessity demands that the cast be widely spread. 
Four weeks have proved to be ample for the development of sufficient 
early callus to maintain the reduction. At the expiration of this period 
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Fig. 7. 

The operative e.vposure. Note the area of cancellous 
bone exposed by the removal of the thin cortical plaque and 
the resulting easy identification of the joint margins. The 
heavA' dark angular lines indicate the extent of the fusion. 
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the cast and pins are removed and a week, sometimes a few days more, is 
allowed for the healing of the pin holes. 

At the end of this period the second operation is done. The most 
satisfactory incision has been an L-shaped one, begun roughly two inches 
above the external malleolus and just behind the posterior border of the 
fibula, extended downward to encircle the malleolus, one inch below the 
tip and carried forward and upward to end over the astragaloscaphoid 
joint (Fig. 7 ). The peroneal tendons are freed but not divided and re- 
tracted upward. The incision is widely retracted, and the lateral surface 
of the tuberosity, as well as the anterior portion of the os calcis, is freed of 
soft tissue. A thin, wide osteotome is used to remove a waferlike plaque 
of bone and periosteum from the lateral surfaces of both the os calcis and 
the astragalus. The thinnest possible plate should be lifted, turned for- 
ward and upward in such a manner that the subastragalar, the astragalo- 
scaphoid, and the calcaneocuboid joints are all traversed, their cartilaginous 
markings standing out in sharp relief against the exposed cancellous bone. 
This is of material help, particularly in the old lesions where the normal 
joint lines have been partly obliterated. In practically all of the cases, 
despite compression, manipulation, and forcible extension, there has re- 
mained an untoward bone mass on the lateral surface of the os calcis. 
Continuing with the thin osteotome, this bone is removed and preserved, if 
possible in one single slab, the thickness varjdng from three-sixteenths to 
five-sixteenths of an inch. In several instances it has been necessar3’ to 
make a short second incision over the dorsum of the foot to completclj' 
expose the astragaloscaphoid articulation. This second incision possibl}' 
renders the operation easier, but complicates the technique. The removal 
of the several joint cartilages is purel3’' a routine procedure. The raw and 
apposed bone surfaces are roughened with a small gouge and the previousl3' 
preserved heav3' bone plate is split into shavings which are packed principalh' 
in the proximity of the subastragalar joint in such a manner as to change 
the existing eversion, if 3113% into inversion. An3’ remaining chijis are 
packed into the astragaloscaphoid and the calcaneocuboid joints. The 
waferlike plaque first removed has been sometimes discarded and some- 
times replaced. Originall3^ it was thought imperative to restore tliis j^cr- 
iosteum and cortex, but apparcntl3’- there has been no difference in the 
healing or in the amount of time required for the appearance of bon3'ank3’- 
losis. The peroneal tendons arc replaced and the wound closed. The 
postoperative cast is I00SCI3' applied and well padded, but molded to secure 
proper inversion of the heel and to preserve the curve of the long arch. 

At the expiration of three weeks, without anaesthesia, the first cast is 
removed, the wound is inspected, and a second snug, thinl3' padded cast 
applied. In one case union was too firm to permit an3’ refinement in i)osi- 
tion, but usuall3' it will be found cas3’ and desirable to slightbv change the 
inversion, the varus, or the curve of the long arch. .-Vlso, at this tune, it is 
Usualh' possible b3' manijnilation to make an accurate estimate as to how 
long the newh' aitplied cast need be worn. In the majont3’ of the casr's, 
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this second cast has been bivalved at the end of two weeks, and thereafter 
removed daily for physiotherapy. W eight-bearing is usually allowed eight 
weeks after the second operation; in two cases it was begun on the fifth 
week, and in one case it was delayed until the end of the eleventh week. 

The subsequent after-care has been extremely simple. Whereas 
Avith subastragalar arthrodesis alone, the Whitman foot plate was pre- 
sci’ibed; folloAAUjig the triple fusion, only a high shoe AAuth a rigid shank and 
a Thomas heel has been required. 

COMMENT 

In sponsoring a program so complicated, it is impossible to be un- 
aAA^are of the incAU table criticism AA'hicli must folloAV its ill-adAused applica- 
tion by those unAAulling to folloAV a i-igid technique and those unfamiliar 
Avith the complicated structure iiiA'-olAmd. It has, nevertheless, proved 
infinitely more efficient and is more rational than a simple subastragalar 
arthrodesis Avhich ignores at least half of the anatomical derangement in 
the severer tjqjes of squash fracture. 

TAAm years ago, in a pez’sonal interAueAv, the lay chief of the Industrial 
Commission of Ohio, after an extensWe experience AAuth subastragalar 
arthrodesis in the treatment of these fractures, asked in all seriousness, AAdiy 
surgeons did not recommend amputation? Such an inquiry is probably 
as illuminating and more pertinent than an exhaustive statistical revieAV. 

Treatment by manipulation, traction, and triple fusion has noAv been 
extended to include nineteen fresh fractures in which the results haA'^e been 
excellent in all but tAAm instances. Six ancient lesions haAm been subjected 
to triple fusion Avith good results in all but one. Since the operation is 
technically difficult, it is probable that increased operative experience Avill 
lessen the failures. 


SUMMARA' 

1. Manipulation, skeletal traction, and subastragalar arthrodesis 
have heretofore inadequately sohmd the problem presented by squash 
fractures of the os calcis, 

2. The failure of these Amrious methods of treatment can be ex- 
plained on a rational anatomical basis, centering about depression of the 
sustentaculum tali, a lesion A\diich cannot be certainly recognized by the 
roentgenologist. An operative exposure has frequently disclosed serious 
articular disruption, Avhen the I'oentgenograms Avere nearly or completely 
negative for joint inAmhmment. 

3. We haA^e come to consider any appreciable loss of lateral motion 
in the subastragalar joint, or the presence of thickening and untOAvard 
bone on the external surface of the tuberosity of the os calcis, as diagnostic 
of disruption of all of the reciprocal articulations of the calcaneum, ir- 
respective of the roentgenographic findings. 

4. Finalljq a plan of treatment more completely correcting the ex- 
tensive anatomical distortion has been cAmlved, Avhich includes a prelimi- 
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narj’’ reduction by manipulation and skeletal traction, to be followed five 
weeks later by subastragalar, calcaneocuboid, and astragaloscaphoid 
fusions. In dealing with the late lesions, where obviousl}* traction could 
be of no assistance, it has not been attempted and the treatment has been 
limited to a primary triple fusion. 
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THE INFLUENCE OF THE SHOE ON GAIT 

As Recobded by the Blecthobasogkaph and Slow-Motion 

Moving Pictuhes * 

BY H. PLATO SCHWARTZ, M.P., ARTHUR L. HEATH, AND 
WILLIAM MISIEK, M.A., ROCHESTER, NEW YORK 

Fro?n the Department of Surgery, Division of Orthopaedics, Rochester University Sehool of 

Medicine and Dentistry 

In the metliod of making eJectrobasographic records described in 
previous papers h 2 ^ the patient’s own shoes were used. The prevailing 
differences in shoes and the changes induced by wear has caused us to 
regard them as a potential variable (Fig. 1-A). It Avas, therefore, desir- 
able to determine the effects of different shoes as rei'-ealed by electi-obaso- 
graphic records. (See Figure 1-B.) 

Controversy may be a^mided by recognizing the fact that there is no 
agreement in regard to when a foot is normal with respect to its mor- 
phology. The paucity of data makes it still more difficult to define the 
normal Avith respect to function. 

The difference rcAmaled in the seA^en gait records (Fig. 1-A) Avas due 
to the prevailing characteristics of respective shoes AA^orn by the same 
indiAudual, Miss E. A. C. Although all of the shoes AA'ere comfortable, the 
records rcA^ealed a diminishing duration of Aveight-bearing on the fifth 
metatarsal head, AAdiich AA^as most marked on the right foot and AAdiich Avas 
greatest AAdth shoes having heels three and one-eighth inches high. 

This obserAmtion AA^as made in April 1933. The records indicated 
the presence of increasing instability of the feet, associated AAUth increasing 
eleAmtion of the shoe heel, as one knoAAUi factor of importance. On April 
14, 1934, tAAm records AAm-e made Avith different pairs of shoes, the heels 
of AAdiich Avere tAvo inches high. One pair (Fig. 2-A, R5026) AA^as uncom- 
fortable; the other (Fig. 2-A, Brogue No. 3) was comfortable; yet the gait 
records Avere both aa^cII AAdthin the normal limits Avhen reduced to the 
average rate of AA^alking. Both of these records are more noimal than 
record W0063-4, made April 8, 1933 (Fig. 1-A), of a shoe Avith a heel tAvo 
and one-eighth inches high. (See also Figure 2-B.) 

These data indicate that electrobasogi-aphic records reveal the 
presence or absence of stability of the foot of a iierson AAmaring shoes of 
different heel height and construction. Pronation is revealed in the record 
by diminished AA’eight-bearing time on the fifth metatarsal head. Ini- 
proper fitting of the shoe, producing discomfort, is not revealed in the 
electrobasogi-aphic record until after the subject is unable to compensate 
for the pain produced. MorcoAmr, heel height of a shoo cannot be ac- 
cepted as the onlj^ shoe characteristic favoring the presence or absence of 
foot stability for a given person. 

* Read before the American Medical .Association, Clc\-eland, Ohio, June 1.5, I9.3t. 
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Fig. 2-A 

Miss E. A. C., April 
14, 1934. R502G shoes 
too uncomfortalile for 
use. Brogue No. 3 
very comfortable. 
Both elcctrobaso- 
graphic records 
revealed stability of re- 
spective feet and “nor- 
mal ” gait. Compare 
with Fig. 1, showing 
records of same “nor- 
mal ” person. 



Interpretation of present 35-millimeter electi-obas- 
ographic record of “normal” gait. 


It remained, therefore, to determine the 
effect of A^arioiis types of shoes on other subjects. 
The two persons tested were women wliose worlc 
had, for several years, required much Avalking 
daily between tlie liours of 9:00 a.m. and 5:00 
p.m. They were, and had always been, free from any definite subjective 
symptoms in or referable to the feet, and tlie feet revealed no gross mor- 


phological changes. 

With thirteen different pairs of shoes, divided into five groups, six- 
teen electrobasographic records were made of each of the two women 
mentioned. The method by which these records were made was as follows. 

Figure 3 illustrates a 50-foot platform, covered with a cocoa mat, on 
which was placed 20-gauge galvanized sheet iron which was wired to the 
ground side of an A. C. circuit. Onc-half inch circular brass contacts were 
secured flush on the bottom of each shoe, — one over the heel, fifth meta- 
tarsal head, and great toe, respectivel 3 ^ Wires led from each of these 
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Fig. 3 


Fiftj'-foot platform, showing motor-driven mo\’ing picture camera mounted on 
carriage used for following the subject while she walks the length of the platform. 

contacts through a one-half-inch cable to both the 35-inillimeter and the 
70-niillimeter electrobasographs. Thus, it was possible to make dupli- 
cate gait records (Fig. 4). 

A carriage was mounted on a double track parallel to the platform. 
Bj" keeping the subject centered on the 9 bj- 12 centimeter ground glass 
of a Recomar camera, it was possible, while following the subject, to make 
16-millimeter moving pictures at 64 exposures per second with a motor- 
driven movmg picture camera. 

An extension was made from one end of this carriage to the middle 
of the platform. At this end, it was supported on four rubber-tired ball- 
bearing wheels which were six inches in diameter. 

With the moving picture camera on the carriage, lateral view.« of each 
subject were made. When the motor-driven camera was moved to the 
extension on the middle of the platform (Fig. .5), jiicturcs were made at a 
constant distance from front and back, while the subject walked the length 
of the 50-foot platform. A total of 7,000 feet of moving jiicturcs was 
made, including right and left lateral views, front view with the subject 
walking toward the camera, and back view with the subject walking away 
from the camera. The rate of exjiosure (64 exposures jicr second), altlioiigli 
four times better than normal (16 exiio.sures per second), was fomui to 
be satisfaetoiy only for the foot in the stance jihase. ^^'alking at llic r.ate 
of 1.4 steps per second was unnatural, as compared to l.S stejis per second. 
.-Vt this slower rate, which favored an unsteady gait, a sliarj) image of the 
foot in the swing jiliase could not be recorded at (il exposures jier second. 

Sharp definition of the foot in the stance jihase always revealed jire- 
vailing conditions which favored the iiroduetion of abnormal gait reconis 
during the weight-bearing jieriod on each foot. 
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Fig. 4 

Electrobasographs, So-millimeter and 70-milIimeter on left and i-ight respectivel 3 '. 

These were so wired that simultaneous gait records were made on the instruments. 

The electi’obasographic records revealed certain facts worthy of 
mention in relation to the present subject. The fitting of a shoe is usually 
considered in terms of the contour of the shoe with relation to comfort. 
Stability of the foot in a shoe had not been given consideration when the 
above criteria were found acceptable. 

Group I included five jDairs of shoes having certain last characteristics 
in common. They were identical in quality of workmanship and material, 
although the heel height was one and one-eighth inches, two inches, two 
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and one-eighth inches, two and one-quarter inches, and two and three- 
eighths inches. These shoes followed the contour of the feet and were 
comfortable on each of the two women tested. All five of the electro- 
basographic records were well within normal limits for Miss AI. S. Three 
were likewise normal for Miss E. C. In Figures 6 and 7 and the accom- 
pan 3 dng charts, the differences in the records produced bj'' these two 
women wearing the same shoes can be readilj’- seen. Compare R5021 
for Miss E. C. with RS009 for A'liss M. S. 

This evidence indicates that the relation of the contour of the shoe 
to that of the foot and the comfort of the foot in the shoe are objective and 
subjective requirements essential to the wearer. It further emphasizes 
that stabilit 5 '- of the foot in a shoe is unrelated to the above criteria. 
Such instability maj"- be more detrimental to the subject than foot dis- 
comfort from improperly fitting shoes. These two instances in ten rec- 
ords emphasize the necessity of pa 3 dng attention to the shoe as a cause of 
inequality in duration of weight-bearing on the three respecti-ve points of 
each foot. 

Group II included three pahs of shoes, — two of the same make and 
one of a different make, with heels two and one-quarter inches high on 
each pair. The criterion of fit was determined b 3 ’’ contour of the shoes; 



Fig. 

Motor-driven moving picture camera mountetl on platform exten-ion imm r.ir- 
riaire. .\ satisfactorily constant distance is mauitainrd when pictun- an- mad“ 
while the subject walks tow.anl and away from the cameni. 
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each of the two subjects said they were comfortable. Shoes R5021 were 
used in this group; the records are abnormal as already mentioned. Both 



Fig. 6 

Shoes worn by Miss M. S. when above records were 
made had in common qualit 3 '' of material, workman- 
ship, and last characteristics, except for the changes in 
the latter which were essential for the indicated varia- 
tion in heel height. All records reveal evidence of 
bilateral stability. 


subjects were equally 
stable in each of the other 
two pairs of shoes. Dif- 
ference in last design and 
quality of material and 
workmanship in shoes 
R8048 and D6413 were 
compatible with normal 
duration of weight-bear- 
ing on the three respective 
points of each foot as indi- 
cated by the electrobaso- 
graphic records of the 
same two subjects. 
(See Figures 8 and 9.) 

This investigation re- 
veals that differences in 
the design of last may be 
definite, but the respec- 
tive shoes may fit with 
comfort and provide sta- 
bility for the foot under 
the influence of weight- 
bearing. Although new 
shoes of inferior quality 
and workmanship may be 
stable, they are more 
predisposed to the loss of 
this essential character- 
istic with increasing use 
and poor care. 


Table (Fig. 6) 


Miss M. S. l-4-’34 

Foot R5027 R5026 C. P. R5021 R8009 

Left heel 60 seconds . 56 seconds . 61 seconds . 66 seconds . 59 seconds 

Left 5th metatarsal . . .67 “ .66 “ .68 “ .64 “ .63 

Left great toe 70 “ .71 “ .71 “ .76 “ .75 “ 

Right great toe 56 “ .71 “ .68 “ .74 “ ,73 ' 

Right 5th metatarsal . .63 “ .66 “ .65 “ .68 “ .67 

Right heel 55 “ .61 “ .62 “ .67 “ .66 " 

Time, left 82 “ .83 “ .83 “ .84 “ .84 “ 

Time, right 81 “ .81 " .82 “ .85 “ .84 “ 


Above figures are for the average speed of 1.4 steps per second. 
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Group III included three pairs of shoes on the same tivo subjects. 
Two pairs differed in make, design of last, and qualit}' of material and 
workmanship, with a heel 
height of one and seven- 
eighths inches and one and 
five-eighths inches, respec- 
tively. The third pair 
were the personal shoes 
of each subject with a 
heel height of one and 
ohe-half inches. Figures 
10 and 11, together with 
the accompanying tables, 
reveal that both Miss 
M. S. and Miss E. C. had 
a short weight-bearing 
time on the heels and 
great toes with shoes 
D6989, while shoes R5027 
and the personal shoes of 
each subject gave essen- 
tially normal records. 

Shoes D6989 were of 
proper size, but the last 
design did not provide for 
proper fitting at the heels; 
the loose heels slipped. 

This investigation in- 

dicate.s that, although the Miss E. C. wore same shoe.^ used by .Miss .M. S. 
size of the shoe maj’' be when records in Fig. 0 were made. There was equal 
, eWdence of comfort and fit. Xote prevailing in- 

correct and the foot maj*^ stability of both feet in records R.5021 and RS009. 



T.^ble fFig. 7) 


Miss E. C. l-4-’34 

Foot R5027 R5020 C. P. R.5n21 R-SOno 


Left heel 60 seconds .56 seconds .63 .■seconds .60 seconds .65 second- 


Ixift 5th mctatars.al . . 

.62 

.61 

■ .63 “ .10 

..33 

Left great toe 

.66 

.57 

.65 •* 71 

. 73 

Right great toe ... 

A-l 

.61 

59 “ 72 

62 

Rigid 5tli metatarsal . 

..52 

.60 

.55 “ o'- 

.5‘i 

Right heel 

.4S 

54 

.54 ” 62 

I'd 

Time, left 

S3 

.81 

. .. 

81 

Time, rigid 

77 “ 

,79 

‘ .8.3 “ 8,5 

8.) 

.•\bovc figures are for the 

average 

si»ee<l of 1.4 stei>s jkt .-econd 



be free from pain, instability and abnormality in wciglit-beariii!: may 
result from improper design of tlic last with relation to the feet in fjuo-tion. 
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Fig. 12 

Note evidence of sta- 
bility in both pairs of 
pumps with inch 
heels worn by Miss 
M. S. 


Table (Fig. 12) 


Miss M. S. 

Foot 

l-5-’34 

E4008 

50110 

Left lieel 

.67 seconds 

.60 seconds 

Left 5th metatarsal 

.62 

.67 “ 

Left great toe 

.78 

.74 “ 

Eight great toe 

.75 

.74 " ' 

Eiglit 5th metatarsal 

.68 “ 

.62 “ 

Eiglit Jicel 

.74 “ 

.63 

Time, left 

.86 

.82 “ ■ 

Time, i-ight 

.85 

.83 “ 


Above figures are for the average speed of 1.4 steps per seconi^. 


Since the foundation is wrong, it is useless to at- 
tempt to correct this fault by quality of material 
and skill in shoe construction. 

Group IV included three different makes of 
shoes with characteristics of last design and shoe 
construction within the range already considered. 
The electrobasographic records and the slow- 
motion moving picture studies of this group con- 
firmed the findings in Groups I, II, and III. 

Group V consisted of two pairs of pumps with 
lieels two and seven-eighths inches high; they were 
not of the same make, the heel height being the only 
common characteristic. They were judged to fit 
on the basis of contour and comfort. The elec- 
trobasographic record and the slow-motion moving 
picture analysis revealed marked pronation of the 
right foot in E4008 shoes and bilateral pronation, 


worse on the left than on the right, in 50110 shoes for Miss E. C. Similar 
records for Miss M. S. revealed a tendency toward pronation of the left 


foot in E4008 shoes and essentially normal stability in 50110 shoes. 


(See Figures 12 and 13 and the accompanying tables.) 

This investigation confirms the observations made with relation to 
Miss E. C. (Fig. 2) and record W0063-4 (Fig. 1-A). Heel height of shoe 
may favor, but does not predetermine instability of the foot for a given 


person. 

It is of importance to note that Miss E. C. revealed instability in 50 
per cent, of the records, while Miss M. S. did not reveal marked instability 
in any. This graphic evidence suggests that a particular shoe is not 
equally good for all women. 


CONCLUSIONS 

Electrobasographic records, together with 7,000 feet of moving 
pictures, have been made of two women with "normal'’ gait, with tiiirteen 
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Table (Fig. 13) 


Miss E. C. 

Foot 

l-5-’34 

50110 

E4008 

Left heel 

.50 seconds 

.72 seconds 

Left 5th metatarsal 

.32 

.03 “ 

Left great toe 

.71 

.77 “ 

Right great toe 

.69 

.74 “ 

Right 5th metatarsal 

.12 

.16 

Right heel 

.51 

.66 “ 

Time, left 

.82 

.86 

Time, right 

.80 

.85 “ 



Above figures are for the average speed of 1.4 steps per second. 

different pairs of shoes. Interpretation of the gait 
records has been supported b3'' the analysis of mov- 
ing pictures made at 64 exposures per second. 

The electrobasographic records have revealed 
the presence or absence of stability of the feet of 
persons wearing shoes of known last design, heel 
height, and quality of material, workmanship, and 
construction. Pronation is revealed by dimmution 
of weight-bearing time on the fifth metatarsal head. 

Improper fitting of shoes, producing discomfort, is 
not revealed in the electrobasographic record until 
after the subject is unable to compensate for the 
pain produced. 

The fitting of shoes has been based upon foot 
length, width, and comfort in the shoe. Little at- 
tention has been given to depth. Evidence pre- 
sented indicates that stabilitj’’ of the foot m the shoe 
is not related to these criteria of fit. The shoe 
must, therefore, be regarded as a potential cause of 
inequality of weight-bearing on the three respective points of each foot. 

Records indicate that shoes must differ in design of the last and other 
plij-^sical characteristics, so that thej- maj' fit most women with comfort 
and provide stabilit5' for the feet under the influence of weight-bearing. 
Although new shoes of inferior qualitj' of material and workman.'=liip nia\- 
be comfortable and provide stabilitj', thej' arc more predisjio.^ed to the 
loss of the latter essential characteristic with increa.sing u.=e and poor care. 

Evidence indicates that, although the size of shoe maj' i)e correct 
and the foot maj' be free from pain, instabilitj* and abnormalitj- in weiglit- 
bcaring maj' result from unproper design of the last with relation to tiie 
feet in question. This fault cannot be corrected b3' qualit3' of materi.-d 
and skill in shoe construction. The foundation is wrong. 

Data justif3' the statement that even a heel two .and seven-eight h.s 
inches high ma3’ I)c worn upon occasion witiiout subject iv<> discomfort or 


Xotc evidence of 
marked instabilit 
characteristic of bilat- 
eral pronation, in each 
of the above records of 
Miss E. C. while walk- 
ing in pumps with 
inch heels. 
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recordable indication of instability of the feet. Some feet are more 
unstable than others j therefore, a particular shoe may not provide equal 
stability for different individuals. 

The final conclusion of this work is that all of the factors pertaining 
to the relation of the patient’s shoes to electrobasographic records are 
under control. 
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THE SOURCE OF PAIN IN AMPUTATION STU^^IPS IN 
RELATION TO THE RATIONAL TREATIMENT 


BY DH. A. G. MOLOTKOFF, LENINGRAD, IT. S. S. R. 

Surgeon to the Leningrad Institute of 7L eurosurgery; Consulting Surgeon 
to Prof. Turner’s Institute for Crippled Children 

The problem of pain in amputation stumps may still be regarded as 
unsolved. Among the existing theories concerning the origin of such 
pain, the least stable are the two which more than any others influence 
the modern treatment: (1) the theory of amputation neuromata, produced 
in such principal nerve cables as the sciatic in the lower limb and the 
ulnar and radial in the upper hmb; (2) the theory of ascending neuritis, 
advanced by Weir IMitchell. A consideration of the following well known 
physiological and anatomical facts may help to bring about a clearer 
understanding of the subject. 

Electric or mechanical irritation of different nerves produced on the 
operating table has confirmed the existence in some of the peripheral 
nerve fibers of special pain conductors, in addition to the branches which 
convey tactile temperature and other forms of skin sensibility. These 
pain conductors are contained principally in the cutaneous nerves, with 
definite territories supplied by separate branches. This fact must be 
taken as a starting point in the search for the cause of pain in amputation 
stumps, which has baffled all attempts at treatment. 

Taking into consideration the effect of mechanical and electric irrita- 
tion of nerve trunks, it has been found of equal value to examine sj'stem- 
atically the skin scar in each case of painful amputation stump. From 
these examinations of the locally painful scars, the following peculiarities 
have been found. 

If the scar is irritated, projected pain can be evoked, the character 
and peripheral distribution of which are identical with those of the pain 
felt bj'^ the patient in the amputated limb. Irritation of strictly localized 
points on the scar produces pain shooting toward definite areas of the 
“phantom limb”. The direction of this pain, whatever territory it may 
involve, very often corresponds to that of the spontaneous pain and to the 
anatomical course of the pain conductors revealed by the production of 
electric irritation in the investigations carried out. Evidence of tlie 
existence of such pain, originating in the skin scar independently of that 
arising from amputation neuromata of larger neiwes, may be obtained by 
consideration of the three following facts. 

In accordance with the modern technique of amputation, the neuroma 
is found to be situated at a distance from the skin scar, with no adhesion 
to the plane of section of the bone. The second proof is provided by the 
fact that, in examining the skin scar as the source of projected pain 
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evoked by the pressure, percussion, or even the touch of a camel’s hair 
brush, it is possible in some cases to reproduce definite isolated irritation 
of the different points by lifting a fold of the scar or drawing it from the 
underlying structures. The third support of this assumption is founded 
on the fact that the comparison of the distribution and character of the 
projected pain evoked from the neuroma or fi'om the skin scar generally 
reveals no agreement. The pain arising from the scar differs as a rule 
from that connected with the neuroma and is more severe. 

Taking these facts as a guide in the treatment of pain in amputation 

stumps, it has been possible to de- 
duce the following conclusions, based 
on eleven clinical cases in which 
section of the cutaneous nerves 
exclusively was undertaken. 

Amputation pain has no causal 
relation to the neuromata of large 
nerve trunks or to any abnormal 
state of bone, muscular, subcutane- 
ous, or vascular tissue. Its origin 
may be traced to the involvement 
of terminal ramifications of cutane- 
ous nerves which conduct the special 
sense of pain. Since these nerve 
branches are necessarily divided 
during amputation, they are in- 
evitably included in the scar.* The 
facts cannot be ignored that these 
external agents which affect the 
ramification of cutaneous nerves are 
not to be regarded as the sole element 
in pain production and that the sec- 
tion of cutaneous nerves impairs the 
compensatory and antagonistic rela- 
tions between two systems of fibers,— those of special sensibility to pain 
and those of other forms of sensibility, principally tactile and thermic, the 
existence of which has been proved by Head in experiments performed 

upon himself. j- x k 

Leaving aside such complications as trophic and vasomotor disturo- 

ances, amputation stumps may be divided into two groups which differ 
distinctly in their clinical manifestations of pain. The first and most in- 
teresting group is distinguished by predominating pain projected toward 



Fig. 1 

Painful stump after amputation of the 
leg. The numbers indicate the points 
from which pain is projected to the cor- 
responding toes on pressure, touch, or 
the prick of a pin. These sensations 
disappeared in the first three toes after 
division of the obturator and in the 
fourth and fifth toes after division of the 
cutaneous femoris lateralis. 


* Krunkenberg’s operation for obtaining a prehensile forearm after amputation leads 
tn the formation of a complicated long stripe of skin scar which is a source - 

! Two such cases have been observed in which a senes of operations m 

tractable pain. nrincinal nerves, rhizotomy, and spinal ganglionectomy—failed to 

Sets the naif STSUeoue Jl'MIl laten,!;; and cntaneene ant,- 

brachii dorsahs resulted in abolishing the suffering of the patients. 
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the non-existent limb. The pain is localized exclusivelj' in the terminal 
parts, such as the hand, foot, fingers, and toes, and is accompanied by dif- 
ferent illusory disturbances of motion. Local pain is not complained of in 
these cases. In contrast to this group, the second gi-oup is characterized 
by predominating purely local pain which, on closer examination, is found 
to arise from the scar. No irradiating toward the periphery of the 
“phantom limb” is observed in these cases. 

In the treatment of pain projected toward the inner malleolus, the 
medial side of the foot and sole, and principall3' toward the big toe or 



Krunkenberg’s “claw”, with sensation projected into the thumb and inde.v finger 
in the form of burning and in the dorsum of tlie hand in the form of frost. Tlie 
burning sensation disappeared after di%'ision of the cutaneous antibracliii lateralis 
and the frost after di\asion of the cutaneous antibrachii dorsalis. 

partly toward the other toes (with the exception of the fifth), in cases asso- 
ciated with tenderness of the medial part of the scar presented bj’ a thigh 
or leg stump, experience has shown the efficaciousness of division of the 
obturator near its exit from the foramen obturatum. Other wa.vs of ap- 
proacliing this nerve are certainlj' admissible. 

In cases of pain projected toward the external malleolus, the outer 
side of the dorsum of the foot, the little toe or the adjacent part of the .=ole, 
with coe.xisting local tenderness of the outer part of the scar, not inferior 
results were obtained from section of the cutaneous femoris latcrali.^; ju.^^t 
below the anterosuperior iliac spine. An additional section of the lunibo- 
inguinal nerve, below Poupart’s ligament, was found useful in cases of pain 
irradiating toward the anterior part of the thigh and knee in wliicli tendi'r- 
ness was revealed in corresponding points in the scar. 

In painful stumps of the upper c.xtremities, with pain localized in the 
first three fingers and in the corresponding volar surfaces of the hands, 
section of the cutaneous antibrachii lateralis was successful. 

It must be emphasized that the operations proposed are of little or no 
avail in cases of high amputation of the upper or lower limb«. Expf'rience 
leads one to assume that, at the level of the middle third of the thigh ami 
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the upper third of the forearm, one has to deal with other conductors of 
pain as yet not recognized. 

It is to be noted that the role of cutaneous nerves as conductors of' 
pain originating in scars is being more and more recognized. As far back 
as 1856, Pirogoff reported two cases of neuralgia of the arm, which were 
successfully treated b}'' section of the cutaneous filaments of the nerve! 
which had been involved in a scar resulting from venesection. In the 
writings of recent authors which deal with the subject of pain in amputa- 
tion stumps, significance is attiibuted to cutaneous nerves. 

Elmslie states that, in cases in which pain continues to exist after sec- 
tion of the ischiatic nerve, division of the saphenous nerve may be resorted 
to. 

Foerster, in 1927, in referring to treatment of painful-stump neuro- 
mata, recommended blocking, as high as possible, of all the peripheral' 
nerves by alcohol or formalin. In severe painful cases, not one of the 
nerves should be omitted from this treatment in order that absolute insen- 
sibility of the stumps may be obtained. 

Kiittner, in dealing with the same subject at the German Congress of 
Surgeons in 1931, recommended lines of treatment similar to those of 
Foerster. His opinion is that “although in some cases neuromata of small 
nerve branches cannot be eliminated, it is sometimes not easy and even 
impossible to discover them; therefore we obtain success by the high 
blocking of a denuded main trunk”. 

Some considerations of the source of stump pain are to be found in the 
writings of Leriche (1932). He reminds the reader that “there are in the 
thigh other nerves beside the ischiatic ” and reports a case of neuroma of 
the saphenous nerve to the existence of which pain in the stump could be 
traced. In addition, he points to one case in which resection of fifteen 
centimeters of this nerve had no effect in abolishing the pain. As to the 
upper extremity, Leriche takes absolutely no account of cutaneous nerves 
in the causation of pain following amputation. He speaks of three main 
nerve trunks and, according to his experience, it may be necessazy to 
divide all three, not limiting the operative intej-ference to one of them. 
The significant role of the scar and of the definite cutaneous nerves in- 
volved therein is not stressed by him. 

In regard to the method of treatment of pain in amputation stumps 
which is advocated in this paper, the author must acknowdedge that his 
experience is not large enough to draw broad conclusions, but, taking into 
consideration the severity of the suffering with which one so frequently 
has to deal and the futility of the many grave operations which have been 
resorted to in the attempt to abolish intractable pain in the stump, he 
dares to recommend a trial of operative methods which are far less radical 
in comparison to those hitherto practised. 

In the combat with stump neuralgia, the summit of radicafism has 
been reached in the operation of rhizotomy which tends to sever the roots 
of the channels conducting pain from a distant undetermined source. 
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According to Shaw, “in cases of stump neuralgia of the upper and lower 
limbs, all ventral and dorsal roots should be severed”. The frequent 
failure of this procedure to abolish pain is well known; the same maj- be 
said of sjunpathectomy and ganglionectomy. Because of these facts, 
Leriche is inclined to question whether, in some particular cases of rebel- 
hous pain following amputation, excision of the sensible centers of the 
cortex may be resorted to. This state of affahs has led the author to sug- 
gest a new line of treatment based on a more profound stud}' of the path- 
ways of pain m amputation stumps and the determination of the local 
source of irritation. 

SUMILARY 

Neuromata of large nerves plaj' a secondaiy role in the production of 
pain in amputation stumps. 

The source of the pain is to be sought in the stump scar in which are 
involved the endings of the pain-conducting finer branches of the cutane- 
ous nerves. The determination of the special cutaneous nerve to which 
the sensitive filament belongs must be the starting point in treating the 
pain. This task is not always easy. A better knowledge of the anatomy 
and physiology of the cutaneous nervous system will serve to overcome 
existing difficulties. 

A higher section of the real conductor of pain originating in the stump 
scar is apt to interrupt pain which ma}’- have repeatedlj' baffled other 
operative methods. 

A new vista is being opened for the treatment of pain in amputation 
stumps, based on a more thorough stud}’’ of special pain-conducting nerves 
which have nothing in common with the nerves carrying other forms of 
sensibility. 
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AN OPERATION EOR THE CORRECTION OF PRONATED FEET 

BY RICHMOND STEPHENS, M.D., NEW YORK, N. Y. 

The results of treatment in many cases of weak foot, either relaxed or 
ligid, have not been thoroughly satisfactory. Various operative proce- 
dures have been tried in severe cases, but, up to the present time, none has 
been found that is always successful. 

Sliortly after a visit to Dr. Michael Hoke, of Atlanta, Georgia^, 
during which the author saw a great deal of his work on foot deformities, 
the following operation was evolved by modifying and adding to Dr.' 
Hoke’s operation for valgus feet. 

THE OPERATION 

A curved incision, such as might be employed for an astragalectomy 
or a subastragalar arthrodesis, is made on the outer side of the foot below 
the fibular malleolus. The peroneal tendons are exposed and retracted 
and the head of the astragalus is exposed. An osteotomy through the 
neck of the astragalus is then done with a chisel and the head is removed. 
In rigidly pronated feet it is found that the deformity can then be well cor- 
rected without the use of force. The articulation between the astragalus 
and the os calcis is next exposed, the cartilage of both bones is denuded, 
and the joint space is increased by inverting the heel, thus leaving a gap 
between the two raw-bone surfaces. The head of the asti-agalus which 
was removed is denuded of all cartilage and ligamentous attachments and 
is cut in the form of a wedge. This bqne wedge is then inserted in the 
space between the body of the astragalus and the os calcis, with its base to 
the outer side of the foot. The thickness of the wedge depends on tlie 
amount of correction desired. The wound is then closed and plaster is 
applied from the tips of the toes to the upper end of the calf. While the 
plaster is being applied the foot is held at a right angle with the correction 
at the scaphoid region, the head of the first metatarsal is held down, and 
the heel is in inversion. 

At the end of three weeks the plaster is removed, the wound in- 
spected, and a new plaster applied for five weeks, making the total period 
of immobilization eight weeks. After this period, the patient should use 
the foot with an ordinary unaltered shoe. In some cases it may be neces- 
sary to raise the inner border of the heel or even to supply some sort of a 
support for a few months. Massage and exercises may be helpful in some 
cases. It is true that the motion in the subastragalar joint has been 
sacrificed, but it is the author's belief that the benefits obtained in cases of 
severely pronated feet more than make up for this loss. 

DISCUSSION OP CASES 

In the cases reported, the patients were operated upon in 1929 and, 
since five years have elapsed, it is felt that the benefits obtained from the 
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operation can be fairly judged. This series of cases comprises: two boys 
with bilateral relaxed flat-foot; one girl with bilateral rigid flat-foot; and 
one boy with unilateral traumatic rigid flat-foot. In three of the cases 
both feet were operated upon, making a total of seven operations. These 
patients were all children, but the author believes that the procedure 
would be just as beneficial if used in the case of a young adult. The opera- 
tion is also recommended in cases of relaxed or rigid feet. 

The x-rays before operation were all negative for accessory scaphoids 
and merely showed the depressed arches. Unfortunately, there are no 
photographs and in only one case were plaster models of the feet made 
before and after operation. Two of the patients moved awaj^ after a few 
months and have not been available for late examination, but the other 
two are still under observation and the results in each case are thoroughlj" 
satisfactory. 


CASE EEPORTS 

Case 1. N. R., a female, eleven and a half j’ears of age, considerably overweight, 
suffered from pain and stiffness of both feet. 

The patient had been treated with WTiitman plates and altered shoes for two years. 
On Julj' 26, 1928, both feet had been manipulated under anaesthesia and had been im- 
mobilized in plaster. The x-rays showed large depressed scaphoids, but no accessorj’ 
scaphoids. After three weeks the plaster was removed, physiotherapy was instituted, 
and braces and altered shoes were again used. She was temporarily improved, but later 
the disability recurred. 

A year later the patient was readmitted; the feet were painful, tender, rigid, and 
pronated with prominence in the scaphoid regions. The operation described was done 
on the right foot on July 6, 1929, and on the left on July 11, 1929. In the case of the right 
foot, the wedge was made up of two pieces of bone instead of a single piece. The plaster 
was hnally removed on August 28, 1929. Each foot showed less scaphoid prominence 
and moderate inversion of the os calcis. Because of the extreme pes planus, the patient 
was given shoes raised one-eighth of an inch on the inner borders of the soles and one- 
quarter of an inch on the inner borders of the heels. 

This girl has been followed at intervals up to the present time. She is thoroughly 
satisfied with the results of tlie operations and, although the feet are still somewhat flat, 
she gets along without supports and with unaltered shoes. She does tire somewhat after 
long walks or periods of standing. 

Case 2. J. B., a male, eight years of age, was admitted to the Hospital on July 23, 
1929, because of the condition of the feet. 

For two years he had attended the Out-Patient Department and had used Whitman 
braces with no relief. X-rays were negative for accessory scaphoids. 

On admission, the feet were completely relaxed and everted, with the long archc.? 
down and the scaphoid regions prominent. 

An operation was performed on the left foot on July 25 and on the right foot on 
August 1. Both feet were immobilized in plaster until September IS. The feet then 
showed marked inversion of the heels. Unaltered shoes were ordered, but it was later 
found that the patient had used his old shoes with the inner borders raised. 

After three months the condition of the left foot was satisfactory, but the right foot 
showed too much inversion of the heel. This condition continuc<l to incrc.ase and, on 
July 10, 1930, the patient was again operated upon. It was found that where the p.erc of 
the astragalus had been inserted there was markctl overgrowth of bone pushing up against 
the fibular malleolus and causing the inversion. This cxcc.'s bone was rcmovtal anii al.sa 
an c.xternal longitudin.al wedge. .\t the same time the left foot w.as strctchcsi and put in 
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plaster as it showed slight overcorrection. A photograph, taken November 28 1930 
showed the feet in good position. * * 

On October 25, 1934, the patient was found to be thoroughly satisfied. He walked 
well and had no discomfort. Each foot appeared excellent with a moderately long arch 
and tlic os calcis in slight varus. 

From this case we learned that it was possible to get too much correc- 
tion and this had to be remedied a year later. The wedge was probably 
too thick and there was also an overgrowth of bone. Up to this time the 
author thought it more likely that there ivould be a thinning with too 
little correction rather than a gradual increase with growth. 

Case 3. R. S., a male, thirteen years old, was admitted to the Hospital on July 30, 
1929, complaining of pain and stiffness and showing eversion of the left foot, a prominent 
scaphoid, marked tenderness, spasm and rigidity. 

The patient gave a history of a fall on December 31, 1928, with probable strain of the 
left foot. 

The regular operation was done on August 1, 1929, and the foot was immobilized in 
plaster for eight weeks. The foot was then relaxed and the heel inverted. The patient 
went without suppoz't, but the inner border of the heel was raised one-eighth of an inch. 

Tins patient was only followed a short time, but, on December 11, 1929, his foot ap- 
peared to be in excellent position, he walked well, although he held the ankle somewhat 
stiffly, had no discomfort, and seemed well satisfied. 

Case 4. R. M., a male eleven years old, had used WJiitman braces for two years 
without improvement. 

On admis.sion to the Hospital, the long arches were depressed and there was marked 
prominence of the scaphoid region. X-rays did not show the presence of accessory bones. 

Typical operations were performed; the left foot was operated upon on November 21, 
1929, and the right foot on November 30, 1929. 

On January 24, 1930, tlie plaster was removed and the feet were found to be in good 
position with the os calcis of each foot in slight inversion. Unaltered shoes were used. 

This patient could only be followed for a shoi't time, but, on April 30, 1930, plaster 
casts were made to compare with those made just before the operations. The appearance 
of the feet was good, that of the right being slightly better than that of the left. The boy 
was very well pleased with the condition of his feet and did not tire. 

SUMMARY 

1. Some weak feet do not respond to the ordinary conservative 

treatment and operation is indicated. 

2. Many operations have been done which have resulted in definite 
improvement, but none of these operations has been outstandingly 

successful. _ 

3. The operation described here is moderately simple, can be used 

for all types of weak or flat feet, and is applicable to adults as well as 
children. 

4. The results obtained through the use of this operation are satis- 
factory cosmetically as well as functionally. 

5. The use of appliances and special shoes may usually be discon- 
tinued after the operation. _ 

6. There is some danger of overcorrection in growing children, as 

illustrated in one case. 
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COMBINED ANTERIOR-POSTERIOR APPROACH TO THE 

KNEE JOINT 


BV EDWIX FRENCH CAVE, M.D., BOSTON, MASSACHUSETTS 
From the Massachusetts General Hospital 

"• The incision for exposing the semilunar cartilage, about to be de- 
scribed, allows access to the anterior and posterior compartments of the 
knee joint with a minimum amount of trauma to the articular surfaces. 
It has beeir particularly useful in removing cysts of the semilunar cartilage, 
cartilage with damage to the posterior cornu, and any injured carti- 
lage which it is difficult to remove bj’’ means of the restricted anterior 
approaches. 

The knee is flexed at a right angle over the end of the operating 
table. To expose the internal semilunar cartilage, the internal epicondyle 
of the femur is identified, and the incision begun three-eighths of an inch 
behind and on a level with this point, — about one and one-half inches 
above the joint line. Posterior to this bony landmark pass the tendons 
of the sartorius, gracilis, and inner hamstring muscles which have their 
insertion in the upper end of the tibia. The incision is carried downward 
and curved graduallj'- anteriorlj’’ to a point one-quarter of an inch below 
the joint line, and then forward to the border of the patellar tendon (Fig. 
1-A) . The skin flap, with subcutaneous tissue and fat, is reflected upward 
to expose the quadriceps expansion and the lateral ligament. The first, 
or anterior, incision into the joint capsule begins just in front of the lateral 
ligament as it takes its origin from the internal femoral condyle (Fig. 1-B). 
The incision is carried downward and forward to just below the joint line, 
and further forward to the patellar tendon with the same general curve 
as the skin incision. The synovia is opened through this same incision, 
and the anterior cornu of the internal semilunar cartilage is exposed 
(Fig. 1-C). At this point, it is well to insert special retractors to allow 
exploration of the anteromcsial compartment of the joint (Fig. 2). 

The following structures can be viewed satisfactorily through this 
incision: the articular cartilage of the internal tibial and femoral condyles, 
the anterior crucial and alar ligaments, the inferior surface of the patella, 
the fat pad, the synovial lining, and the anterior half of the internal 
semilunar cartilage. A satisfactoiy view of the external semilunar carti- 
lage cannot be gained from the anteromesial approach. 

By sharp dissection, the anterior portion of the cartilage is freed from 
its attachment to the sj’iiovia and the fibrous ligament by which it is 
attached to the anterior crucial ligament (Fig. 1-D). Once the anterior 
portion of the cartilage is free, it may be grasped firmly with a Kochcr 
clamp and pulled forward as it is dis.«ccted from its attachment to the 
internal lateral ligament. 
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Fig. 1-A. Skin incision, beginning about three-eighths of an inch back of the 
femoral cpicondyle and extending downward and forwai-d to the pateJJar tendon. 

Fig. 1-B, Incisions into capsule. The anterior incision begins just in front of, 
and slightly below, the femora! epicondyle and extends downward and forward to 
the patellar tendon. The posterior incision is made in line with the ligamentous 
fibers of the capsule. 

Fig. 1-C. The anterior opening into the joint, showing the semilunar cartilage 
in situ. 

If removal of the posterior portion of the cartilage proves difficult, 
if a lesion of the posterior portion of the cartilage is suspected, or if one 
is dealing with a cyst of the cartilage, it is a simple matter to open the 
knee joint behind the internal lateral ligament. This second incision is 
made behind the internal lateral ligament, beginning just below the level 

of the epicondyle of the femur 
and continuing straight down 
across the joint line (Fig. 1-B). 
The capsule and synovia are 
more easily opened separately 
than by one incision. Pos- 
teriorly, the tibial and femoral 
condyles are in close contact 
with the semilunar cartilage 
lying between them (Fig. 
1-E). With this postero- 
mesial approach, howe^'er, the 
semilunar cartilage should be 
separated from its attachment 
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Fig. 1-D 


The anterior portion of the semilunar cartilage 
dissected free and brought out through the an- 
terior incision. 
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Fig. 1-E 

The mesial side of the knee joint, showing the 
capsule opened in front o^ and behind, the in- 
ternal lateral ligament and the cartilage dis- 
sected free except for its extreme posterior at- 
tachment. 


to the synovia bj’^ sharp dis- 
section; essentially all of the 
cartilage can be removed by 
this means once the anterior 
half has been dissected free. 

-A.t times it has been helpful 
to pass the freed anterior end 
of the cartilage posteriorly 
bettveen the internal lateral 
ligament and the femoral 
condyle, and the entire carti- 
lage can be removed through 
the posterior opening into 
the joint. 

In exposing the lateral 
aspect of the joint, the skin 
incision is made exactly the 
same as the one described, — 
beginning three-eighths of an 
inch behind and on a level 
vith the external femoral 
condyle, and cundng down- 
ward and forward to the 
patellar tendon. The inci- 
sion for exposing the anterior 
compartment is also made in 
a manner similar to the inci- 
sion used on the mesial side. 

It will be found, however, 
that, when the knee is flexed, 
the anterior cornu of the 
external semilunar cartilage 
has a great tendency to re- 
tract, and it may be exposed 
and dissected free with some 
difficulty. Once the anterior cornu is freed, however, traction vith 
a Kochcr clamp will draw the cartilage easily forward since it is iim 
firmly attached to the external lateral ligament. Tlie popliteus toiidon. 
which lies mesial to the external lateral ligament, arises from the externa! 
femoral epicondyle and passes downward and posteromesially It is 
separated from the external semilunar cartilage by a small bursa. If. 
when removing a cartilage with cystic degeneration or dealing vtth an 
injury to the posterior cornu of the cartilage, it is necessary to make a 
second incision into the joint to free the posterior cornu of the cartilage, 
the incision is made just behind, and in line with, the fibers of the external 
lateral ligament (Fig. 1-F). .4s the cap.sule of the joint is opetied. the 



The lateral side of the knee joint, showing the 
capsule opened in front of, and Ix^hind, the 
fibular collateral ligament and the semilunar 
cartilage dis.<:ected free c.xcept at the extreme pos- 
terior tip. The other structure.' seen are the 
popliteus tendon and the tendon of the biceps 
femoris. 
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popliteus tendon 
comes into Anew just 
anterior to the inci- 
sion, and the lateral 
head of the biceps 
tendon lies posteri- 
orly. The lateral 
condyles of the fe- 
mur and tibia are in 
less close apposition 
than on the mesial 
side, Avith the semi- 
lunar cartilage lying 
betAveen the tAAm. 
The posterior cornu 
of the cartilage can 
be remoA'-ed by sharp 
dissection. It may 
facilitate matters to pass the anterior portion of the cartilage posteriorly, 
mesial to the external lateral ligament and the popliteus tendon, and re- 
moA^e the entire cartilage through the posterior opening. 

The incisions into the joint are closed separately in tAAm layers. The 
subcutaneous tissue and skin are closed separately. Silk is used through- 
out. 

Sixteen cases haA^e been operated upon using the incision described. 
There AA^ere ten injuries to the semilunar cartilages, four cysts of the ex- 
ternal semilunar cartilage, one cyst of the internal semilunar cartilage, 
and one cyst AAuthin the internal lateral ligament. 



Fig. 2 

Retractors varying from one-quarter of an incJi to three- 
quarters of an inch in width and shaped so as to conform to 
the curve of the joint line. 
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COMMINUTED FRACTURES OF THE PATELLA 


‘ Treatment of Cases Presenting One Large Fragment 
AND Several Siiall Fragments* 

1 BY J. E. M. THOMSON, A.B., M.D., F.A.C.S., LINCOLN, NEBRASK.4. 

Fractures of the patella vere among the first fractures to be brought 
yrithin the scope of open operative procedures, 3^et thej’’ still offer problems 
and complicating sequelae that often prove distressing to the surgeon and 
to the patient. The controversy among authorities as to M'hich procedure 
is appropriate has, however, been reduced to the quite general agreement 
that open operation is alwaj’^s in order, prodding the fragments are widety 
separated and the patient is a good risk. 

The procedure here described is limited in its adaptabilitj’^ to those 
transverse and comminuted fractures in which tliere is one large fragment 
intact in the upper or lower portion of the patellar tendon. 

This type of fracture is quite common and frequentlj'^ occurs as the 
result of an automobile accident in which the patient has been thrown with 
the knees against the instrument panel or some other forward obstruction 
in the car. 

PREOPERATIVE TREATMENT 

Three to seven daj's should elapse after the injury before operation is 
considered, during which period an effort should be made to aid absorption 
and diminish swelling. The extremity should be wrapped with a bias 
cotton-flannel bandage. Traction or splints should be applied, with the 
extremity fullj’^ extended and maintained in an elevated position in bed. 
It would be helpful if ice-bags were to be applied to the knee for inter- 
rupted periods. 

operative technique 

When conditions seem favorable, operation is performed under ap- 
propriate anaesthesia (local, spinal, or general). Meticulous surgical 
preparation is essential, and the hemorrhage is controlled bj' means of a 
tourniquet about the mid-thigh. A generous longitudinal semilunar in- 
cision is made laterallj’ awaj^ from the patella. The small fragment, or 
fragments, is cut freety from the tendon, rather than being bluntly dis- 
sected or torn out, to assure removal of all boin' particles. Blood clots 
are removed. The rougli edges of tlie remaining large fragment arc 
smoothed and contoured, particularty on the articular surface; shredded, 
stringj^ bits of loose tendon are cut awaj'. Two drill hole.'^ arc made 
obliquclj' from the upper surface of the fragment to the lower jiortion of 
the fracture surface, but well anterior to the articulating cartilage. .V 
strong kangaroo tendon is passed through one of these hole.<, interwoven 

* Read before the Seetion on Ortbopnctlic Surserj' of f!ie .tinenr^in Mt'!:'"--.! 
-■Vssociation, Clevel.and, Ohio, June 13, I?34. 
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deeply into the substance of tlie opposing patellar tendon, and looped back 
through the other drill hole. Fascia may be substituted for this purpose. 
The fragjnent of the tendon is tlicn approximated firmly against the pa- 
tella and the kangaroo strands tied across the fragment of tlie patella. 
Chromic catgut approximation of lateral torn tendinous and capsular at- 
tachments should be cai-efully carried out. The mound is closed with 
Dermal or silk, and sterile dressings, moistened with alcohol, are applied. 
Sheet wadding is wrapped fi-om the mid-calf to the mid-thigli, and a 
cotton-flannel bias bandage is applied from the toes to the upper thigh. 
The tourniquet is then removed. Leaving the tourniquet intact until 
after bandaging seems to reduce postoperative intra-articular hemorrhage; 
Either a molded posterior plaster splint from the toes to the upper thigh, 
or a double lateral iron splint, is applied. Ice-bags are reapjDlied to the 
knee, and the leg is elevated. 

At the end of seven to ten days the stitches are removed. A strong 
dressing of Unna’s paste is applied to the extremity, thereby allowing only 
limited flexion of the knee, and the patient is then allowed to walk with 
crutches. Three weeks after operation full weight-bearing is allowed, and 
motion is limited only by the cotton-flannel bias bandage. Physiotherapy 
is seldom required to bi-ing back function. 

The result obtained by the use of this procedure has, in the author’s 
small series of fi^^e cases, pi'oi^ed in every instance uniformly satisfactory. 

CONCLUSIONS 

This procedure reduces tlie problem of the treatment of certain frac- 
tures of the patella from one in vdiich there is an effort to attain bony or 
fibrous union of fragments that normally exhibit very little osteogenic re- 
sourcefulness, to one in which only union of tendinous structures is in- 
volved, and in which there is assurance of success if meticulous asepsis is 
observed and adequate sustaining suture of soft structures is carried out. 
Such a procedure alloAvs early use of the extremity, decreases the period 
of disability, and relieves much of the possibility of refracture. 


THE USE OF THE JONES SPLINT IN THE TREATMENT OF 
FRACTURE OF THE PELVIS AND OF THE NECK OF THE 

FEMUR 

A Series of Forty Cases 


BY A. J. LAKGAX, M.D., F.A.C.S., SAX PEDRO, CALIFORNIA 


Fractures about the pehus and neck of the femur haYe always been a 
source of woriy to the surgeon. Fractures of this kind are most common 
in the poorer type of surgical risk, — namelj*, old people. Among the 
various measures in the treatment of fractures of the hip and pelvis, per- 
haps the most popular and the most frequently used is the Whitman 
method which has served its purpose well and will probabl}^ be used in 
selected cases for a long time to come. 

With the advent of the Jones traction sphnt, the author believes that 
a very definite step forward has been taken in the treatment of pelvic 
fractures, especially in the tj^pe most frequently encountered — the senile 
type. 

Dr. Jones’s splint makes use of the weU leg as an aid to extension of 
the injm’ed member. A fulcrum is thus produced, with the well leg as 
one arm of the lever and the injured leg as the other. The fulcrum 
might be taken as the pehds from which leverage is applied to the 
injured member. Dr. Jones has informed the writer that he believes the 
actual pull on the traction arm to be about twenty pounds per three- 
fourths of an inch. However, in the first one-half of the distance on the 
traction arm, there is a pull of about fifteen to twentj' pounds only, as 
allowance must be made for relaxation due to the cast and padding. The 
normal resistance of the patient’s muscle pull is also considered in the 
traction force. The sacro-iliac ligaments receive some of tlie strain, which 
is again taken up in the sjTuphysis. 

TECHNIQUE 

In most cases, the author has found morphine in conjunction with 
sodium amytal to be a sufficient anaesthetic. However, in cases where 
more relaxation is desired, spinal anaesthesia by the use of 100 milligrams 
of novocain may be used. 

Sheet wadding is placed in even layers on both legs from the patient's 
knee to the toes. Next, harness-maker’s felt, about one-quarter of an incii 
to three-eighths of an inch thick, is applied. In the case of the well lea, it 
is important to have the sole of the foot and the os calcis well padded, as 
the force here is upward. In the case of the injured leg, the dorsal surface 
must be heavily padded. 

The writer is not afraid of using too much padding, as he believes that 
the best results arc obtained in those cases in which there is free u-e of 
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Fig. 1 


Application of fell boot. 

For good leg: Sole of foot, heel, and outer aspect should be well padded. 

For injured leg: Dorsum of foot and anterior surface of the leg should be well 
padded. Harness-maker’s felt, one-fourth to three-eighths of an inch thick, is used. 
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padding or felt. Four strips of felt are usuali5'- emplo3'ed — one extending 
from the posterior surface of the knee and leg over the plantar surface of 
the foot, another over the anterior surface of the leg and the dorsum of the 
foot, and a strip on either side for the protection of the malleoli. It is 
important that the head of the fibula be well covered, as the peroneal 
nerve maj'- be involved, especiall3' in the well side. 

Flexing the thigh on the pelvis and internal rotation with traction 
serve to bring the fractured ends into a more suitable position for further 
fixation b3^ the splint. 

In fractures of the pelvis, there should be manipulation through the 
vagina or rectum; at the same time traction should be applied b3' means of 
the splint. 

The author uses approximatel3’’ eight four-inch plaster bandages on 
each leg for the boot. In an hour this is sufficientl3' hard to incorporate 
the splint. Four to sLx four-inch bandages are used for this purpose.* 
Care must be taken to see that the traction barrel is in the exact center of 
the bod3' and parallel with the long axis of the bod3L When this feature is 
overlooked, leverage is wrongl3^ applied, and often poor results ensue. 

After the cast hardens over the splint, the traction lever is turned 
until the patient complains of shght discomfort. This discomfort soon 
passes awa3’^ with shrinkage of the plaster when sufficient felt has been 
used. A check-up x-ra3" is then made and, if further traction is needed, 
the traction barrel is moved further dorni. If, after full traction is in- 
duced, reduction is not satisfactoiy, the author does not hesitate to remove 
the casts and to roappl3’’ them. 

REPORT OF CASES 

In the cases studied, the chief object was to ascertain the percentages 
of bon3' union, shortening, and ank3'losis. A series of letters was sent to 
the surgeons in attendance at the various cases and the results ma3' be 
seen in Table I. 

It is the author’s belief that bon3’ union in practicalh- all cases is due 
to: first, proper reduction; and, second, the general well being of the 
patient duiing convalescence. 


COXCLUSIOXS 

The Jones splint has the following advantages: 

1 . i\Iortalit3' is greatl3* reduced, as ma3' be seen in the author's s- ries 
of cases in which five deaths occurred, giving a inortalit3- rate of 12 ..’) per 
cent., which is much better than in his past experience with other proce- 
dures. 

2 . Hospital costs arc made apprcciabh' smaller, .\ftor the fracture 
has been reduced, the patient is easih' cared for at home, unless complica- 
tions make more constant care necessar3'. 

• Since thi.s article was written, the instrument ha.s I>ecn imiimvcil so that it may Ik- 
applied richt over the plaster boot and no further plaster is ustxl. Tin- inahe- ti.o sjilmt 
stiil lighter. 
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TABLE I 

Analysis of Foiity Casks ok FitACTonB or thk Pelvis and of the Neck of the Femhb 






Time 

in 


Case 

Sex 


Hospital 


No. Name 

(Fears) 

(Days) Complications 

End Results 

1 

Mr. V. R. S. 

M 

42 

161 

N'one. 

On crutches. Solid 







union. 

2 

Mrs. F. E. 

F 

82 

21 

Old hemiplegia. 

Bony union. No 







shortening. No 
ank3dosis. 

3 

Mr. G, R. B. 

M 

75 

5 

Myocarditis, 

. Good bony union. 






Mitral regurgi- 
tation. Blood 







pressure 250/ 
100. 


4 

Mr. J. I. 

M 

71 

48 

None. 

Good bonj" union. 







Shortening of one 
inch. 

5 

Mrs. W. D. 

F 

84 

21 

None. 

Good bony union. 

6 

Mrs. E. P. 

F 

57 

25 

None. 

Good bony union. 

7 

Mr. J. S. 

M 

84 

17 

None. 

Good bony union. 

8 

Mr. M. M. 

. M 

63 

45 

Mitral stenosis. 

Good functional 






Aeidosis. Ir- 
regular heart. 

result. 

9 

Mrs. F. H. 

F 

88 

5 

None. 

Up in wheel chair 







after fourteen 
days. Good 
result. 

10 

Mrs. M. D. 

F 

63 

75 

None. 

Good end result. 

11 

Miss K. L. 

F 

75 

85 

None. 

Walking with cane 







at discharge. 

12 

Mrs. E. A. 

F 

83 

10 

None. 

Bony union. No 






shortening. 

13 

Mrs. A. E. 

F 

86 

60 

None. 

Bony union. Good 





result. 

14 

Mrs. A. R. 

F 

70 

81 

None. 

Good bon}'^ union. 

15 

Mrs. M. S. 

F 

65 

3 

None. 

Good result. 

16 

Mrs. C. H. 

F 

64 

3 

None. 

Bony union. 

17 

Mrs. A. H. 

F 

76 

72 

None. 

Up in wheel chair 




after forty-two 
days. Walking 










after sixty-one 
days. 

18 

Mrs. A. E. 

F 

52 


Generalized can- 

Death. 




cer developed 
from old cancer 
of breast. 






19 

Mrs. V. H. 

F 

75 

8 

Postoperative can- 

No follow-up ob- 



cer of the uterus 
seven years ago. 
This vas a path- 
ological fracture. 

tainable. 







20 

Mrs. E. D. 

F 

66 

7 

None. 

"Walked with as- 
sistance after 


four months. 
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TABLE I {Continued) 

Analysis of Forty Cases of Fracture of the Pelits and of the Xeck of the Femur 


Case 

No. 

Name 

Sex 

Age 

(Fears) 

Time in 
Hospital 
{Days) 

Complications 

End Results 

21 

jMrs. F. A. 

F 

53 

62 

Wassermann reac- 
tion ++++. 

Good bony union 
following antilu- 
etictreatment. 
Shortening of one 
and one-half inch. 

22 

Mr. J. G. 

M 

S3 

43 

Left hemiplegia. 
Lobar pneu- 
monia. 

No follow-up. 

23 

Mr. L. D. R. 

M 

56 

7 

None. 

Good result. 

24 

Mrs. L. L. 

F 

53 

35 

Refracture. Too 
early weight- 
bearing. 

Splint reapplied. 
End result satis- 
factory. 

25 

Mrs. E. W. 

F 

68 

3 

None. 

Bony union. 

26 

Mr. L. R. 

M 

oG 

7 

None. 

Walking three and 
one-half months 
after fracture. 

27 

Mrs. M. K. 

F 

66 

51 

Partial paralysis 
of right side. 

Death six weeks 
later, due to 
myocarditis. 

28 

Mrs. S. N. 

F 

72 

20 

None. 

Good bony union. 

29 

Mrs. M. W. 

F 

78 

35 

Delirium. Ex- 
treme shock. 

Shortening of one 
and one- half 
inches. Good 
bony union. 

30 

Mrs. B. B. 

F 

86 

21 

Cardiorenal. 

No follow-up. 

31 

Mr. J. A. H. 

M 

82 

5 

Pneumonia. 

Death. 

32 

Mrs. J. R. 

F 

85 

21 

None. 

Bony union. No 
shortening. .Ab- 
duction limited 
to 50 per cent. 

33 

Mrs. M. M. 

F 

50 

74 

Old mitral insuffi- 
ciency. 

.Tones splint re- 
moved and 
Buck’s e.xtcnsion 
applied because 
of shortening of 
one and onc-half 
centimeters. 

34 

Mr. A. C. 

M 

40 

11 

Some numbness 
over peroneal 
nerve and mus- 
cles supplied by 

Sent to San Fran- 
cisco in splint. 
End result satis- 
factory. 

35 

Mr. J. E. K. 

M 

SO 

41 

Old cerebral hem- 
orrhage. Myo- 
carditis. .Vuri- 
cular fibrilla- 
tion. 

Death. 

showed atrttjihy 
of both kainoy? 
aud cy.^tir 
eratiun. 

36 

Mrs. K. L. 

F 

35 

55 

None. 

Goorl. 

37 

Mrs. A. M. 

F 

60 

5 

Cerebral embolus. 

Death. 

3S 

Mrs. S. T. 

F 

74 

20 

None. 

Gornl !)oiiy 

No shortVriiric 

39 

Miss R. 

F 

25 

15 

Fracture of trans- 
verse processes of 
three vertebrae. 

Back at vick a* 
dietitian 

40 

Miss S. L. 

F 

23 

10 

Fnicture of two 
wrtebrae. 

Bark at u.irk a-: 
nursi*. 


VOL. xvH. NO. 2. Ariiii. 




440 


A. J. LANG AN 



Fig. 3 

A. A. Fractured pelvis. Before reduction. 



Fig, 4 

A. A. After reduction. 
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3. Handling the patient for use of the bedpan or for a change of bed 
linen is simple, especially with the aid of the overhead frame by which the 
patient may raise himself. 

4. Because of the ease in handling the patient, bed sores are rare. 

Since there is no plaster above, the knees, there is, of eourse, no chance for 
urine or faeces to filter in between the skin and the cast and set up 
irritation. < , .• 

5. The free motion permitted is important, especially in the treat- 
ment of the aged where hypostasis so frequently follows long convalescence 
in plaster casts. 

6. The mental condition of the patient using the Jones splint has 
been found to be much better than that of the* patient immobilized in a 
body cast such as the Whitman technique requires. When the Jones 
splint is used, the patient may be placed in a wheel chaii’ and allowed in 
the sun the first week after the cast is applied. 

7. The splint is easily applied by any general practitioner. 
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